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CONGENITAL ANEURYSM OF THE CORONARY 
ARTERY WITH AN ARTERIOVENOUS FISTULA 


by 


Troels Munkner, Olaf Petersen and Jérgen 
Vesterdal 


Diseases of the coronary arteries are common and of considerable 
clinical significance, arteriosclerosis and coronary insufficiency, or throm- 
bosis playing far the most important roles. Most anomalies of these arteries, 
whether in number, origin, configuration, or distribution, are rare, both 
as clinical or post-mortem findings. 

We were recently able to diagnose one of these coronary anomalies, 
viz. a congenital aneurysm of a coronary artery combined with an arterio- 
venous fistula. The anatomic and functional abnormalities were fully 
elucidated by cardiac catheterization and roentgenography. 


Case report. Boy, aged 6 years. No family history of heart disease. Parents, and brother 
aged 4, healthy. arly history: Normal pregnancy, apart from moderate proteinuria and 
slight elevation of blood pressure. Delivery normal, weight at birth 3,200 g; the baby 
cried immediately after delivery. His physical development had been normal, but he had 
retardation of speech, improved by speech therapy. 

When he was 2'/, years of age, a continuous murmur was heard over the heart, but 
there were no other signs of heart disease. ECG: Normal. 


From the Roentgen Department (Director: Prof. Gregers Thomsen), Cardiologic 
Laboratory (Director: A. Tybjerg Hansen) of Medical Department B (Director: Prof. 
Erik Warburg) and Paediatric Department (Director: Prof. Preben Plum), University 
Hospital, Copenhagen, Denmark. 
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Fig. 1. Chest a. p. Slight prominence of the pulmonary arch and moder- 
ately increased lung markings. 


Chest roentgenography revealed prominence of the pulmonary arch, somewhat in- 
creased lung markings, and doubtful dilatation of the left ventricle. Further investigations 
were deferred until the patient was a little older or till the possible development of cardiac 
symptoms. In February 1957, his mother reported that during the past few months the 
boy had been more tired than usual, especially after exertion; blueness of the skin had not 
been observed, and he had not complained of shortness of breath although occasionally 
of sensations which were interpreted as extrasystoles. 

When admitted to hospital he was pale and rather slender. No precordial bulge or 
thrill. Along the lower half of the left sternal border, a murmur was heard throughout the 
whole of systole and diastole, although it seemed to be slightly diphasic in nature; during 
diastole, the murmur was of low frequency, or rumbling. On the whole the murmur was 
strangely superficial, and recalled the murmur of an arteriovenous anastomosis between 
the internal mammary artery and vein; at the same time it was also audible posteriorly 
in the left interscapular region. The heart beat was rhythmic, and the peripheral pulsation 
normal. No changes in the nails or fingers. B. P. 120/60. ECG in the standard leads showed 
a normal axis of 90°, and the precordial leads were normal. 

Chest roentgenography: No change since previously. A definite roentgen diagnosis 
could not be made, but the possibility of a patent ductus arteriosus was considered (Fig. 1). 

Catheterization was now decided upon, the provisional diagnosis being atypical 
ductus arteriosus, possibly an aortic-pulmonary septal defect. Table 1 gives the result of 
this catheterization. 

The pressures were found to bé normal. The analyses of the oxygen saturation rather 
suggested a slight shunt from the left side to the right ventricle, its order of magnitude 


|| TROELS MUNKNER, OLAF PETERSEN AND JORGEN VESTERDAL 
— 


in- 
ions 
liac 
the 
not 
ally 


Or 
the 
‘ing 
was 
een 


CONGENITAL ANEURYSM OF THE CORONARY ARTERY 335 


Table 1 


Cardiac catheterization 


, 

Site Oxygen saturation % 
(oxygen capacity) 101 
Pulm. capillary venous ......... 10 
Main trunk of pulm. art. ........ 75 75 74 20/9 
80 73 77 24/4 
72 71 69 71 4 
Gap. VORA CAVE 70 70 71 


The zero point of reference was the midaxillary line. 


being 1.3 (DAviDsEN). More specimens were drawn than usual as we did not feel confident 
that the values found represented a true shunt from left to right. The moderate differences 
might also have been due to variations in oxygen saturation within the period when the 
specimens were removed. A sample from the apex of the right ventricle, however, showed 
a saturation of 87°, and this particular specimen definitely indicated a flow from the 
left side to the right ventricle. The catheterization diagnosis was therefore: a small, in- 
significant defect of the ventricular septum. This was supported by subsequent angio- 
cardiography which revealed slight re-filling of the right ventricle. 

A ventricular septal defect could not, however, explain the continuous character 
of the murmur. Since it was, moreover, of a very superficial character, there might be a 
question of some kind of arteriovenous aneurysm, e. g. an aneurysm from the sinus of 
Valsalva or between the internal mammary vessels. Thoracic aortography was therefore 
performed. 

The catheter was introduced percutaneously, by a modified Seldinger technique, 
through the right femoral artery, the tip being placed a few centimetres above the aortic 
valves (Fig. 2). The aortic valves appeared normal. From the upper coronary sinus, the 
coronary artery was seen to follow a normal course, but was considerably dilated through- 
out. On a level with the lower portion of the anterior longitudinal sulcus the coronary 
artery ended in a spherical aneurysm, measuring 1.5 x 1.5 cm. This aneurysm communi- 
cated with an irregular cavity which varied in size from one exposure to another, evident- 
ly in step with the contraction phases of the heart. It was assumed, therefore, that the 
cavity was situated in the ventricular wall. At a later stage of the examination, a ‘cloud’ 
of contrast medium was seen to flow out from the proximal part of the cavity in the right 
ventricle wall into the right ventricle at the very site where the cardiac catheterization had 
yielded a blood sample with an elevated oxygen saturation. Faint filling of the pulmonary 
artery with contrast medium was noted in the lateral views obtained at this time. On 
these findings we based the diagnosis of aneurysm of the descending branch of the left 
coronary artery with fistula to the right ventricle. 


This was an unusual case of congenital heart disease, and, as far as 
we can know the first one to be diagnosed by roentgenography. 
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Fig. 2. Thoracic aortography. Left coronary artery considerably dilated throughout (1). 

Apically the coronary artery ends in a spherical aneurysm (2) which communicates with 

an irregular cavity in the anterior wall of the right ventricle (3). The last exposures show 

a small amount of contrast medium in the right ventricle. (4) Circumflex branch of 
the left coronary artery. 
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Discussion 


As we have stated, anatomic anomalies of coronary arteries are rare. 
It is not surprising that no significant deviations from normal, with the 
exception of a third coronary artery, were found in a carefully examined 
series in which aortographies were performed to demonstrate the course 
of the coronary arteries (D1 GUGLIELMO & GuTTADAURO 1952 and 1954). 
Roserts & Louse, and Smiru collected 45 published cases of a single 
coronary artery. In an autopsy study, SCHLESINGER, ZoLL & WESSLER 
found triple coronary arteries in about 50 °, of all their cases. SYMMERS 
has reported a few cases of four or more coronary arteries. 

Abnormalities of the origin of the two coronary arteries are frequently 
due to developmental disturbances in the division of the truncus arteriosus 
into the aorta and the pulmonary artery. The most interesting cases are 
those in which a coronary artery arises from the pulmonary artery. An 
anomalous origin of the right coronary artery from the pulmonary artery 
has been reported in 4 cases (MONCKEBERG, SCHLEY, JORDAN et coll. 
and CRONK et coll.). In more than 50 cases the left artery showed this 
abnormal origin (WUTHRICH), and in 2 cases both arteries arose from the 
pulmonary artery (GRAYZEL et coll. and Limpoure). In addition, an 
accessory artery may spring from the pulmonary artery. 

Displacement of the coronary ostium to the ascending aorta, or even 
to the subclavian artery or carotid artery, is presumably due to aortic 
hypoplasia. Not infrequently, the circumflex branch from the left coro- 
nary artery arises from the right coronary artery or from the right sinus 
of Valsalva. 

The variations in the distribution of the coronary arteries within the 
range of normal are, broadly speaking, such that the supply of the myo- 
cardium is equally divided between the right and the left artery in one- 
third of the cases, the right artery being predominant in about one-half 
of the examined hearts and the left one in the remaining cases. 

Aneurysms of the coronary arteries are rare apart from cases of peri- 
arteritis nodosa which may also affect the arteries of the heart. PACKARD 
& WeEcHSLER, and later Scott, have collected and reviewed the pub- 
lished cases. Since 1947 additional cases have been reported (SARKISIAN, 
Ruxstinat, CoLtBEcK & SHAw, BELSKy, TELLEM, and MINDER), so that 
to-day about 60 circumscribed and 5 diffuse aneurysms are on record 
in addition to 3 dissecting aneurysms affecting only the coronary arteries. 
Finally, about 15 cases of congenital coronary arteriovenous fistulas have 
been reported. 

In connection with these figures, it may be mentioned that to us it 
seems unreasonable to publish these coronary anomalies as e. g. ‘Coronary 
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aneurysm No. 52 or 53’, when a closer perusal of the literature reveals 
more cases than those reviewed by Packarp & WECHSLER and by 
Scorr. BouGon is believed to have reported the first case of coronary 
aneurysm in 1812. Among the brilliant pathologic observations in “De 
sedibus et causis morborum” (1761), however, MorGaGni reported a 
case which proved to be a (syphilitic) rupture of the aorta, while at the 
same time the coronary arteries were greatly dilated (‘left coronary 
artery as large as the carotid artery’). Although this was a case of diffuse 
dilatation of the coronary artery, it ought to be reported before BouGon’s. 
In addition, MALMSTEN, in 1888, described a case of syphilitic aneurysm 
of the aorta and right coronary artery. Lastly, MINDER’s case from 1953 
appears to have been overlooked in the most recent analyses. Further 
cases of this category may very probably be unearthed. 

Similarly, we believe that more congenital fistulas have been reported 
than generally stated (Livinaston, and the cases cited by ABBorr, and 
the cases of Espino VELA et coll., and of Gross), although these cases 
have not always been described in sufficient detail. In the case of NaGAyo 
& TAKAHASHI no arteriovenous fistula was found, as wrongly stated by 
Scorr. WALTHER et coll. recently published an admirable survey of the 
reported coronary arteriovenous fistulas, to which the reader is referred. 
Only a few features will be emphasized here. Congenital arteriovenous 
fistula has been reported in 15 patients, ranging in age from 3 months 
to 85 years. Kight were post-mortem findings (only 2 of the fistulas had 
given rise to cardiac symptoms) and seven were diagnosed at operation; 
only 2 of the patients had symptoms. In one case the diagnosis was made 
by cardiac catheterization. 

Considering the moderate symptoms and signs in our case, the normal 
pressure on cardiac catheterization, and the small size of the shunt, an 
expectant attitude has been decided upon. Should follow-up catheteriza- 
tion in a year or so show an essentially increased shunt, and consequently 
increased stress on the two ventricles, the question of surgical interven- 
tion will be re-considered. 


SUMMARY 


A case of congenital aneurysm of the coronary artery combined with a fistula from 
the aneurysm to the right ventricle is reported. The functional and anatomical features 
were fully elucidated by cardiac catheterization and angiocardiography. The various 
anomalies of the coronary arteries are discussed. The majority of published cases of 
coronary arteriovenous fistula have recently been reviewed by WALTHER et coll. and the 
interested reader is referred to their paper. 
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ZUSAMMENFASSUNG 


Es wird iiber ein kongenitales Aneurysma der Kranzarterie berichtet, welches mit 
einer Fistel vom Aneurysma zur rechten Herzkammer kombiniert war. Die funktionellen 
und anatomischen Eigenschaften sind durch Herzkatheterisierung und Herzkontrast- 
untersuchungen klargelegt worden. Anomalien der Kranzarterien werden kurz besprochen. 
Die Mehrzahl der veréffentlichten Falle mit arteriovenésen Fisteln der Kranzarterie sind 
kiirzlich von WALTHER und Mitarb. geschildert worden; der interessierte Leser wird auf 
die Arbeit dieser Verfasser hingewiesen. 


RESUME 


Présentation d’un cas d’anévrisme congénital de lVartére coronaire associé & une 
fistule allant de ’anévrisme au ventricule droit. Ses caractéres fonctionnels et anatomiques 
ont été complétement élucidés grace au cathetérisme cardiaque et a la radiographie 
avec contraste. Les auteurs font un bref rappel des anomalies des artéres coronaires. La 
plupart des cas publiés de fistule artério-veineuse de la coronaire ont été récemment 
passés en revue par WALTHER et ses collaborateurs; le lecteur intéressé se reportera & 
leur travail. 


REFERENCES 


Anssorr, M. E.: Congenital Heart Disease. In: New-loose-leaf medicine. Vol. 4, p. 272 
Thomas Nelson & Sons, New York 1946. 

Beusky, H., SHarnorr, J. G. and Gitpert, 8.: Aneurysm of the coronary artery. N. Y. 
Med. 55 (1955), 3151. 

Boucon, M.: Observations sur un anévrisme d’une des artéres coronaires ou cardiaques. 
Bibliothéque méd. 37 (1812), 85. 

Co.seck, J.C. and Suaw, J. M.: Coronary aneurysm with arteriovenous fistula. Amer. 
Heart J. 48 (1954), 270. 

Cronk, E. §., Sinciatr, J. G. and Riepon, R. H.: An anomalous coronary artery arising 
from the pulmonary artery. Amer. Heart J. 42 (1951), 906. 

Davipsen, H. G.: A method of calculation providing directly comparable values for 
intracardiac shunts in congenital heart disease. Acta med. secand. 158 (1957), 85. 

Di Gueiietmo, L. and Gurrapauro, M.: A roentgenologic study of the coronary arteries 
in the living. Acta radiol. Suppl. 97 (1952). 

— Anatomic variations in the coronary arteries. Acta radiol. 41 (1954), 393. 

Espino Veta, J., VeLAzquez T. y Fuenmayor, A.: Amplia comunicacién congénita 
de la aorta con el ventriculo derecho a traves de la arteria coronaria derecha anomala. 
Arch. Inst. Cardiol. Mexico 21 (1951), 686. 

Grayze., D. M. and TENNANT, R.: Congenital atresia of the tricuspid orifice and anomalous 
origins of the coronary arteries from the pulmonary artery. Amer. J. Path. 10 (1934), 
791. 

Gross, R. E., cited by O. Paut et coll. 

Jorpan, R. A., Dry, T. J. and Epwarps, J. E.: Anomalous origin of the right coronary 
artery from the pulmonary trunk. Proc. Mayo Clin. 25 (1950), 673. 

Limpourc, M.: Uber den Ursprung der Kranzarterien des Herzens aus der Arteria pul- 
monalis. Beitr. path. Anat. 100 (1937), 191. 


| 

als 
by 
ry 
De 

a 
he 
ry 
Ise 
er 
ed 
nd | 
vO 
by 
he 
a. 
us 
hs | 
ids’ 
n; 
de 
al 
un 
iy 
ly 


340 TROELS MUNKNER, OLAF PETERSEN AND JORGEN VESTERDAL 


Livineston, B.: Congenital communication between the right side of the heart and the 
beginning of the aorta. Med. Record 24 (1883), 249. 

K.: Studier éfver aortaaneurysmens etiologi (Swedish). Ivar Hegystrims 
Boktryckeri, Stockholm 1888. 

Minver, W. H.: Aneurysma congenitum Arteriae coronariae. Cardiologia 22 (1953), 35, 

Moreaant, J. B.: De sedibus et causis morborum. Tom. I, liber II, epist. 27, art. 28, 
Venetiis 1761. 

Moénekeserc, J. G.: Die Missbildungen des Herzens. In: Henke, F. und Lusarscn, 0.: 
Handbuch der speziellen pathologischen Anatomie und Histologie, p. 156. Springer, 
Berlin 1924. 

Nacayo, M. und Takanasut, H.: Aneurysma serpentinum der linken Koronararterie, 
Trans. Soc, path. jap. 22 (1932), 583. 

Packarp, M. and Wecusier, H. F.: Aneurysm of the coronary arteries. Arch. Intern. 
Med. 43 (1929), 1. 

Pau, O., Sweet, R. H. and Wurre, P. D.: Coronary arteriovenous fistula. Amer. Heart 
J. 37 (1949), 441. 

Roserts, J. T. and Louse, 8S. D.: Congenital single coronary artery in man. Amer. Heart 
J. 34 (1947), 188. 

Rvukstinat, G. J.: Multiple aneurysms of the right coronary artery. J. Amer. med. Ass, 
149 (1952), 1129. 

SARKISIAN, 8. 8.: Aneurysm of the coronary artery. U. 8. armed Forces med. J. 1 (1950), 
1281. 

ScHLESINGER, M. J., Zou, P. M. and Wess.er, 8.: The conus artery: a third coronary 
artery. Amer. Heart J. 38 (1949), 823. , 

Scuiey, J.: Abnormer Ursprung der rechten Kranzarterie aus der Pulmonalis bei einem 
61-jihrigen Mann. Frankfurt Z. Path. 32 (1925), 1. 

Scorr, D. H.: Aneurysm of the coronary arteries. Amer. Heart J. 36 (1948), 403. 

Sairn, J. C.: Review of single coronary artery with report of 2 cases. Circulation 1 (1950), 
1168. 

Symmers, W. C.: Note on accessory coronary arteries. J. Anat. Physiol. 41 (1907), 141. 

Teittem, M. and Rusenstone, A. 1: Aneurysm of the left coronary artery. Amer. J. 
Med. 19 (1955), 652. 

Wacrtuer, R. J., Starkey, G. W. B., Zervoro.tus, E. and Gippons, G. A.: Coronary 
arteriovenous fistula. Clinical and physiologic report on two patients, with review of 
the literature. Amer. J. Med. 22 (1957), 213. 

Wiruricnu, R.: Uber den Abgang der Arterie coronaria sinistra aus der Arteria pulmonalis. 
Cardiologia 18 (1951), 193. 


FR 


= 

A 
| 


lis. 


FROM THE ROENTGENDIAGNOSTIC DEPARTMENT (DIRECTOR: PROF. ERIK LINDGREN) 
OF SERAFIMERLASARETTET, STOCKHOLM, SWEDEN. 


THE SUPRARENAL GLANDS IN AORTOGRAPHY 
by 


Sven Ahlback 


There are three roentgenologic methods of examining the suprarenal 
glands: urography, retroperitoneal pneumography, and aortography. 
Some authors have limited themselves to the first of these investigations 
although, as a rule, it can demonstrate only a tumour of such a size that 
it displaces and deforms the kidney. If a suprarenal tumour is calcified 
or surrounded by a sufficiently thick layer of fat it may be visible in the 
conventional films. However, fairly large tumours may be present without 
any changes being evident at urography, and for this reason bilateral 
exploratory surgery is still undertaken in many hospitals in all cases in 
which there are clinical reasons for suspecting a suprarenal tumour. 
Nowadays it is, however, more common that the preliminary roentgeno- 
logic investigation be continued with retroperitoneal pneumography. 
Judging by the literature, this method is generally considered a relatively 
safe and sure means of determining whether a suprarenal tumour is 
present or not. There are, however, a few authors who consider that 
retroperitoneal pneumography also yields uncertain results in many cases, 
and they therefore advocate that lumbar aortography be added to the 
investigation. 

In order to arrive at an idea of the appearance of the normal supra- 
renal gland in lumbar aortography I have studied about a hundred such 
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Fig. 1. Right inferior suprarenal artery (arrow). 


examinations, carried out in patients without endocrinologic symptoms. 
The examinations were performed in accordance with the principles laid 
down by LINDGREN. 

According to the anatomic textbooks the suprarenal glands are 
supplied directly from the aorta (the middle suprarenal artery), from the 
inferior phrenic artery (the superior suprarenal artery), and from the 
renal artery (the inferior suprarenal artery). Buscu has, however, shown 
that this ‘typical’ vascular supply is present bilaterally in only 16 per 
cent of cases. As so often happens in anatomy, the variations are more 
common than what is considered typical. In the majority of cases in 
Buscu’s material there were two sources of supply, either the superior 
and middle suprarenal arteries or the superior and inferior arteries, on 
one or both sides. A few cases had only one supply artery. The supply 
arteries branch out into a great anastomosing, subcapsular plexus, from 
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Fig. 2. Three consecutive films from a serial aortography. a) and c) Patient right side down, right supra- 
renal gland clearly seen. b) Left side down, gland hardly seen, At the first view (a) the contrast-filling 
is mottled but later becomes homcegeneous (c). 


which numerous branches run largely perpendicularly through the cortex 
to the capillary plexus of the medulla. 

The suprarenal glands vary in size from subject to subject and on 
the two sides in the same individual, ‘being sometimes so small as to be 
scarcely detected’ (Gray). Approximate average measurements have been 
stated to be: length 5 em, width 3 cm, and thickness 1 em. — 

It has often been difficult to identify the supply vessels in the normal 
material of aortographies. In some cases, however, the vessels have been 
large enough and the contrast-filling sufficiently dense to permit ob- 
servation. (See Fig. 1, which shows an inferior suprarenal artery.) 
It is far more common for the suprarenal giand to be seen in the 
venous phase. It often at first has a mottled appearance, probably 
due to the contrast medium being present in relatively large vessels 
(Fig. 2 a). Later on a diffuse, homogeneous contrast-filling of the paren- 
chyma is obtained. The maximum is of brief duration and can sometimes 
be observed only for a few seconds. 

In the material the right suprarenal gland has been observed to be 
contrast-filled in approximately half the cases and as a rule it adjoins 
or is close to the upper renal pole, as in Fig. 2. In several cases, however, 
the distance has been as much as 3 to 4 cm (Figs. 3 and 5). JOHNSTONE 
has published a film which in his opinion ‘illustrates an unusual feature 
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Fig. 3. Normal case with gap between the right Fig. 4. Gap between the suprarenal gland and the 
suprarenal gland and upper pole of renal kidney. kidney in a case of a cyst in the renal upper pole. 


in that the (suprarenal) gland has become partially outlined by an in- 
crease of its tissue’ and goes on to say that ‘it is interesting to note the 
gap between it and the upper pole of the kidney’. Such a gap is not in 


itself pathologic. These anatomic variations in position must thus be 


taken into account when trying to reach a conclusion regarding the 
upper limit of an expanding renal process through determining § the 
position of the suprarenal gland (Fig. 4). 

The right suprarenal gland is usually triangular, but the relation 
between the height and the base varies (cf. Figs. 2, 3 and 4). There is 
often an indentation in the base of the triangle and this gives the gland 
the shape of an arrow-head. In some cases the gland is not clearly seen in 
a. p. views, due to the fact that it is a thin disc lying at an angle to the 
frontal plane. It is, however, clearly seen with the patient in the oblique 
position, with the right side down (Fig. 2). The oblique views in this 
material result from examinations performed on our special “cradle” 
couch, on which the patient is automatically turned back and forth in 
the serial examination. 

The left suprarenal gland is seen much less often. This is probably 
due to the fact that it frequently lies in front of the kidney and is con- 
sequently obscured by the contrast medium in the latter even when it 
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Fig. 5. Both suprarenal glands contrast-filled (normal case). 


itself becomes contrast-filled. Furthermore, the splenic vein often crosses 
the suprarenal region. In some cases, however, the glands are in approxi- 
mately the same position on both sides, creating favourable anatomic 
conditions for demonstrating them (Fig. 5). 

Suprarenal tumours may arise both from the cortex and the medulla. 
The cortex may be hypertrophic on one or both sides and give rise to 
adenomas and carcinomas. The medullary tumours are pheochromo- 
cytomas and sympaticoblastomas, the latter type being found almost 
exclusively in children. In addition to these tumours, metastases, sarcomas, 
and rare benignant tumours such as fibromas and lipomas, may be found 
in the suprarenal glands. 

Suprarenal tumours, demonstrated by aortography. have been de- 
scribed in only relatively few cases. NELSON has demonstrated a malignant 
cortical tumour with a dilated middle suprarenal artery. WALTER and 
(ioopwINn found pathologic vessels in a pheochromocytoma. DAHL-IVER- 
SEN has published one case with two pheochromocytomas containing 
pathologic vessels in the same patient. SiissE and RADKE have described 
two cases with pheochromocytomas, one of them supplied through a 
dilated superior suprarenal artery, and one case with an adenoma fed 
through the inferior suprarenal artery. The adenoma was diffusely 
contrast-filled. Finally, DeNstap has described two cases of malignant 
neurinomas in this region, containing pathologic vessels. The supply 
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Fig. 6. Suprarenal cortical carcinoma. a) Arterial phase. b) Venous phase. 


vessels could not be definitely identified, but in one case they were prob- 
ably intercostal arteries. 

Suprarenal tumours are so rare that a large material can hardly be 
assembled in one hospital. It has therefore been considered justifiable 
to report on three cases observed in our department. 


Case reports 


Case 1. Woman, aged 27, with two years’ history of hirsutism. 17-ketosteroids 
29.1 mg per day. 

Urography: Peach-size soft tissue tumour adjoining the upper renal pole on the right 
side. The kidney was displaced caudally, the lower pole being rotated inwards, the renal 
pelvis flattened from above. 

Retroperitoneal pneumography: The tumour was almost surrounded by gas which 
was defining it from the kidney. No gas present between liver and tumour. 

Aortography (Fig. 6): Dilated branches from the aorta and the renal artery run to 
the regularly rounded tumour and are stretched over its surface. Pathologic vessels, some 
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Fig. 7. Suprarenal cortical carcinoma. a) Arterial phase. b) Venous phase. A drainage vein (arrow) 
from the lower part of the tumour is filled already in the arterial phase. 


¢ of which are wide and have an irregular lumen, are noted in the mass. These have a 
be twisted course and form no regular vascular architecture. The veins fill early in the arterial 
Jle phase, indicating the presence of arteriovenous shunts. Diffuse contrast-filling of the 
tumour is obtained. 
Operation: Extirpation of a well-defined tumour with numerous vessels inside the 
capsule. Weight 130 g. 
Microscopic examination: Suprarenal cortical carcinoma. 
Case 2. Woman, aged 36, with hirsutism for two years. 17-ketosteroids 139 to 
ids 210 mg per day. 
Urography: Large soft tissue tumour adjoining the upper left renal pole. The kidney 
sht was displaced caudally and compressed from above. 
nal Retroperitoneal pneumography: The tumour was surrounded by gas except medially. 
It was sharply defined from the kidney and the spleen. 
ich Aortography (Fig. 7): The tumour is supplied by arteries from the renal artery and 
directly from the aorta. The supply arteries are wide and some are stretched over the 
to surface of the tumour. Numerous pathologic vessels which have an irregular course but 


me are relatively narrow with only slight changes in calibre are present in the growth. One 
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vein from the lower part of the tu- 
mour is already filled in the arterial 
phase. A weak and diffuse contrast 
filling of the tumour is obtained. 

Operation: Extirpation of the 
tumour, which was surrounded by 
a firm capsule.Weight 400 g. Mi- 
croscopic examination: Suprarenal 
cortical adenoma with probable ma- 
lignant degeneration. 


Case 3. Woman, aged 20, 
with hirsutism for five years. Pal- 
pable resistance on the left side of 
the abdomen. 17-ketosteroids 409 
mg per day. 

Urography: Soft tissue tumour 
at the upper pole of the left kidney. 
The kidney was displaced caudally, 
the lower pole being tilted forwards 
and inwards. The pelvis was de- 
formed and flattened from above. 

Retroperitoneal pneumography: 
Gas surrounded most of the irre- 
gularly rounded tumour, which was 
completely delimited from the kid- 
ney but not from the spleen. 

Aortoqraphy (Fig. 8): Narrow 
arterial branches, stretched in ar- 
ches, lie on the lower medial aspect Fig. 8. Suprarenal cortical adenoma. Arterial branches 
of the tumour; they appear to arise stretched around the lower medial surface of the tumour 
from an artery emanating from the which is faintly filled with contrast medium. 
aorta, probably the middle supra- 
renal artery. No pathologie vessels 
are present in the growth which, 
however, is diffusely contrast-filled. 

Operation: Extirpation of the tumour, which was encapsuled. The larger vessels 
formed a stem, which could be followed as far as just above the renal vessels. Weight 210 g. 
Microscopic examination: Cortical adenoma. 


Discussion 


It appears from the above that at least in some cases it is possible 
by aortography to demonstrate both normal suprarenal glands and 
suprarenal tumours. The use of retroperitoneal pneumography is based 
on the fact that the gas penetrates into the loose fat tissue surrounding 
the renal and suprarenal capsules. However, firm lumps of fat may be 
present in some cases, and these too are surrounded by gas. Since it is 
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difficult to distinguish between fat and other soft tissue in contrast with 
the gas, such lumps of fat have sometimes been taken to be enlarged 
suprarenal glands or suprarenal tumours until the mistake has been 
discovered at operation. A considerable amount of fat is present inside 
the suprarenal capsule in the so-called typus lipo-parenchymatosus. In 
such cases retroperitoneal pneumography never gives a correct idea of 
the size of the suprarenal parenchyma and the examination may well 
be supplemented with aortography. Since the suprarenal gland is generally 
contrast-filled only for a short period, an apparatus for rapid film changing 
is necessary. Furthermore, the suprarenal gland may be so thin as not 
to be seen in a. p. views, and it is therefore necessary to change the po- 
sition of the patient during the examination in an attempt to show it. 
On the other hand, if the suprarenal gland is contrast-filled aortography 
gives more exact information than retroperitoneal pneumography, since 
it is the parenchymatous parts that are vascularized. 

It is possible that the vascular structure of the suprarenal tumours 
can give information concerning their nature, but sufficient experience 
regarding this has not been accumulated to date. In Case 3 a diffuse 
contrast-filling was obtained, which corresponds to the findings in other 
benign adenomas described in the literature. The differentiation between 
an adenoma and a normal suprarenal gland, which fills in the same 
manner, is possible because of the differences in size and particularly in 
shape, the adenomas being rounded. The two other cases contained 
arteriovenous shunts and were of cortical carcinomas. It is probable that 
pathologic vessels of this type are here as in brain tumours a sign of 
malignancy. In addition to cortical carcinomas pathologic vessels are 
present in pheochromocytomas (WALTER and GooDWIN, DAHL-IVERSEN). 
We have not had the opportunity of performing aortography in a growth 
of this nature and are therefore unable to state whether these tumours 
have the same vascular structure as the cortical carcinomas; a comparison 
with the published cases of pheochromocytomas does not afford sufficient 
information. 


SUMMARY 


The appearances of the normal suprarenal gland in aortography are described. 
Suprarenal tumours are discussed and illustrated by three cases. 


ZUSAMMENFASSUNG 


Das Aussehen der normalen Nebenniere bei der Aortographie wird beschrieben. 
Drei Fallen mit Tumoren der Nebennierenrinde werden berichtet. 
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RESUME 


L’auteur décrit aspect aortographique des surrénales normales. Il présente trois 
cas de tumeurs cortico-surrénales, 
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RENAL FUNCTION AFTER AORTOGRAPHY WITH 
LARGE CONTRAST MEDIUM DOSES 


An experimental study in dogs 
by 


N. P. G. Edling, C. G. Helander, F. Persson and 
A. Asheim 


Within the last few years cases of renal damage due to the injection 
of contrast media into the aorta have been published. The authors have 
found that a single large dose, repeated large doses or the previous im- 
pairment of renal function seem to be the main causes of subsequent renal 
failure (LARSSON & PALMLOF 1952, HARWARD 1953, SCHULZE-BERGMANN 
1953, JosseLson & KapLan 1954, MILLER et coll. 1954, THoMsEN & 
Hansen 1954, ALWALL et coll. 1955, Lopin & THOREN 1955, WEYDE 
1955, Ricues & GrirFitHs 1955, IpBoHRN 1956, McArEE & WILLSON 
1956, Eptinc & HELANDER 1957). 

The response of normal human kidneys to large doses of contrast media 
deliberately administered cannot, of course, be systematically studied. 
The evaluation of renal function before and after angiography demands 
repeated clearance determinations, and, if done selectively, repeated 
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ureteral catheterizations. Again, morphologic examinations of the kidneys | 


at any desired point of the investigation is obviously impossible. A study 
along these lines must therefore be based upon experimental observations 
in animals, 

BaccaGLint & BALLARIN (1940) and Scrurart & DALLA Pozza (1949) 


have histologically studied the reaction of the kidneys to iodine organic | 


compounds in dogs and rabbits, respectively, They found degenerative 
changes in the tubular epithelium, and the latter authors reported intersti- 
tial haemorrhages in the glomeruli as well. IpBoHRN and Bera (1954) 


have roentgenologically and histologically investigated the tolerance of | 


the kidney to contrast media in renal angiography in rabbits. Their study 
is divided into three groups (Methods I, II, and IIT) of animals according 
to different techniques of examination. The first two are, as IDBOHRN 
& Brera note, not applicable in experimental clinical renal angiography. 
The renal damage, which was noted when the contrast medium was injected 


into the renal artery after the blood supply had been inhibited, could, | 


however, be classified as tubular nephrosis. Most of these changes were 
reversible and kidneys examined 3 or more days after the injection often 
showed only insignificant changes, if any. In the third group the contrast 
medium (3 ml Umbradil 50 °% per kg bodyweight) was injected in a 
retrograde direction into the carotid artery. Repeated angiography (about 
six examinations in each animal) was performed. Morphologic examina- 
tions of the kidneys suggested that the risk of fairly extensive damage 
grows as the number of injections and the injection pressure increase. 
Repeated renal angiography also showed that injection of contrast 
medium is followed by marked vascular spasm. 

In order to study the renal state before and after large contrast medium 
doses in aortography the writers have examined eight healthy dogs and 


checked both the function and the morphology of the kidneys. Since | 


Ep inc et coll. (1956) have found that urography is not an adequate substi- 
tute for quantitative tests of the individual kidneys, clearance determina- 
tions were used. One dog was operated upon with transplantation of the 
right ureteral orifice into the abdominal wall and only this side studied. 
The technique used will be described in detail elsewhere (HELANDER, 
Persson & AsHEIM). 


Methods 


The animals were anaesthetized with a mebumal solution (pentobarb. + pentobarb. 
sodium + urethane) administered intravenously and kept under superficial anaesthesia 
during the contrast medium injections and the clearance determinations. 

The contrast medium injections (Miokon or Urografin, see Table) into the aorta were 
performed after catheterization via the femoral artery. The tip of the catheter was identi- 
fied under fluoroscopic control by the injection of a small amount of the contrast medium 
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and placed 2 to 3 em above the level of the renal arteries. Serial films were obtained by 
means of a manual 4-film changer or an automatic film changer (Elema). 

A polythene catheter was introduced ad modum SELDINGER (1953) into the femoral 
artery on one side and connected to a kymograph to register the blood pressure during the 
clearance determinations. In another series as yet unreported, in which blood pressure 
recording started before the general anaesthesia, there were no significative variations in 
the pressure before and during anaesthesia. An opaque polythene catheter was introduced 
via the femoral vein into the right renal vein for determination of the extraction ratio 
during the clearances (HELANDER, Asnerm, OpMaAn 1958). Coagulation in the catheter 
was avoided by means of a slow, continuous saline drip. The animals were hydrated with 
half a litre of water through a gastric tube an hour before the clearance periods started, 
to obtain adequate diuresis during the examinations. 

Inulin and PAH (paraminohippuric acid) clearances were used as measures of glomer- 
ular filtration and effective renal plasma flow respectively. After the primary doses, these 
were administered intravenously by means of a stabilized infusion to maintain an even 
plasma concentration of 15 to 25 mg % inulin and about 2 mg % PAH. Thirty to forty 
minutes after the infusion had started, the clearance determinations were performed for 
2 to 4 periods of 20 minutes’ duration, in the middle of each of which blood was aspirated 
from the femoral artery and the renal vein for the extraction ratio. Urine was collected 
from a permanent catheter after air filling and massage of the bladder. The plasma levels 
of inulin and PAH and the clearances were determined according to current methods. 
When the inulin and PAH clearance periods were finished an extra dose of PAH was given 
and the infusion of PAH increased to produce a plasma concentration of PAH above the 
saturation limit for determination of the tubular maximum capacity (Tm PAH). 

All dogs were sacrificed on the day after the second clearance (the 4th day after the 
contrast medium injection) when they had recovered from the anaesthetic. Following 
immediate laparotomy, the kidneys were fixed in formalin and sections prepared for 
microscopic examination with haematoxylin eosin and van Gieson stains. 


Results 


The nephrographic effect was of a high degree in all dogs, and similar 
in both kidneys, indicating a high contrast medium supply (Fig. 1). 

The results of the functional tests are collected in the Table with normal 
data for comparison. The first clearances were determined 5 to 7 days 
before, and the second clearances 3 days after the contrast medium 
examination. As the contrast medium is excreted in less than 24 hours 
no influence on the second PAH clearances due to depression is possi- 
ble. The clearance figures in the individual dogs are the average of the 
successive periods and refer to both kidneys. An exception is F.1 where 
the right ureter had been transplanted to the abdominal wall and the 
urine collected only from this side. 

As examples of the results in detail of the clearance determinations 
in two of the dogs (F.34 and F.41), the values of the individual periods are 
given in Diagrams | and 2. 

The variations in the clearance figures agree with those given by 
Houck (1948) in unanaesthetized dogs. According to Corcoran & coll. 
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Fig. 1. Aortography in dog (F.41) after transfemoral catheterization. 60 ml Miokon 50 % injected during 

8 sec. a) 2 1/, sec after commencement of injection. Contrast-filling of aorta and its branches. Beginning 

nephrographic effect. b) 11 sec after injection started. Contrast-filling of renal and abdominal veins. 
Nephrographic effect of high degree. 
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Diagrams 1 and 2. Values of individual periods of clearance determinations, performed, respectively, 
6 days before and 3 days after aortography in two of the dogs (F.34 and F.41). 


(1941), GLAUSER & SELKuRT (1952), and Crate et coll. (1945) superficial 
anaesthesia does not influence the glomerular filtration or renal blood 
flow and, as the dogs in the present series were maintained in a light sleep, 
the figures stated by Houck are valuable for comparison. Furthermore, 
it has been shown that individual clearances vary physiologically from 
day to day (SmirH 1951). It may also be noted that the values of TmPAH 
are difficult to determine and at times arbitrary; when, as in our cases, 
the figures before and after the contrast medium injections in the main 
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agree, they are nevertheless a further indication of intact kidneys. For 
these reasons the clearances before and after the contrast medium injec- 
tions do not show any significant difference in the individual dogs in the 
present material. 

There was no change in the general condition of the dogs after the 
contrast medium injection and no adverse neurologic signs were noted. 
There was no evidence of anuria or oliguria and the urinary sediment was 
normal. When other tests of the urine and the blood were carried out, 
the findings were also normal. Thus, despite the large contrast medium 
doses that were injected, there are no indications of impaired renal fune- 
tion after the aortographies. 

No pathologic changes were visible in the vessels, glomeruli, tubules, 
or collecting tubules, on the microscopic examination on the 4th day 
after the injection. This of course, did not exclude renal changes on the 
days immediately following the contrast medium injection. Such changes, 
if present, might have been caused by the injection of a hypertonic solution, 
and would have been of a reversible character. 


Discussion 


The investigation indicates that large contrast medium doses injected 
lege artis into the aorta just above the origin of the renal arteries in anaes- 
thetized healthy dogs do not cause renal failure. The injection of the con- 
trast medium against the blood stream is preferable as contrast medium 
and blood are then well mixed before their passage into the renal vessels 
(compare method III by IpBouRN et BERGH, where the flow of the con- 
trast medium is with the blood stream). The results allow us to conclude 
that the kidneys of healthy dogs are not damaged by contrast medium 
doses which are relatively five times as large as those usually injected into 
the human aorta, the weight of man and dog being taken as 70 and 15 kg, 
respectively. It therefore seems probable that properly performed arto- 
graphies in man cause no damage to healthy kidneys. This assumption is 
further supported by the fact that in the aortographies in man described 
in the literature large doses in high concentrations have often been used 
without renal complications. 

The findings are also confirmed by a number of series of aortographies 
in which the renal function was checked by clearance tests before and after 
the contrast medium injections. Larsson & PALMLOF (1952) injected 
30 ml of a di-iodine compound (Umbradil 70 °%) after direct puncture of 
the abdominal aorta. Using urea clearances they found no renal damage 
in 11 aortographies performed lege artis. TRAUTNER & PAHLE (1954) used 
transfemoral catheterization and injected 10 to 20 ml of a di-iodine 
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‘or Table 


Results of functional examinations before and after aortography with large doses of contrast 
he } medium in healthy dogs. All clearance figures are valid for both kidneys, except for F. 1 in 
which the right ureter was transplanted and only this side was studied. For comparison normal 


he | clearances in unanaesthetized doys according to Houck are included. 
ed. 
vas Clearances before Contrast Clearances after 
ut contrast medium injection medium contrast medium injection 
Dog dose in % 
[Urine] © IN PAH | gratin IN py PAH| 
ne- ml | ml je CIN mg |PAH*) M— ml | ml a CIN mg | PAH 
t ie per | © PAH | per % |Miokon | Pet | Per per | © PAH | per % 
min; min mim | min 
es, min min min min 
ay Fl 80 ml 
-he 19.3 | 0.9 | 49] 160] 0.31 |U60 | 09] 54/189] O29 | —| — 
es, F.7 40 ml 
214 17 | 84) 288) O29 | —| — |U60 | 28 | 244) O45 | — 81 
F.15 100 ml 
19.3 | 0.4 | 88] 205] 0.42 [11.5] — | M50 
F.18 100 ml 
15.2 0.3 | 70) 199] 0.35 8.3} — |M450 0.3 | 51] 112] 0.46 | 13.6] 72 
F.21 2.1 | 69 | 175 0.39 | 23.6) 77 | 60 ml 
20 2.5 | 60] 174] 0.35 — | 82 |M 50 4.1 | 63] 249] 0.25 | 22.2] 75 
ted F.26 60 ml 
12.5 0.2 | 47] 133] 0.35 94] — | M50 0.7 | 150) 0.37 84] — 
F.34 50 ml 
20 1.9 | 74] 187] 0.39 77 | M50 2.2 | 79] 270) 0.29 115.1] 85 
um F.41 60 ml 
els 15.2 1 105 | 207 | 0.51 117.5] 84 | M 50 0.4 1128 | 278 | 0.46 |19.6)] 84 
on- Normal 21.7 | 57 to} 0.22 to 61 to 
d figures|_ — |to 86] 309 | 0.47 — | 96** | —| 
ide 


* Extraction values not corrected for diffusion but centrifugated at once. Diffusion about 5 %%. 


a ** Explanted kidneys (CorcorAN et coll. 79 to 96, PHiLirs et coll. 87+-4, WurreE 61 to 85). 

kg, 

to- compound (Dijodon 70 %) without any significant change in renal func- 

1 is tion in 9 cases tested by endogenous creatinine clearance. Lopin & 

ved THOREN (1955) injected the contrast medium after transfemoral catheteri- 

sed zation and in most cases, employed 30 ml of a tri-iodine compound (Urokon 
70 °%). They performed the examinations under ganglionic block to cause 

es | hypotension and increase the nephrographic effect (LINDGREN 1953). 

ter | In 15 cases the renal function was studied by endogenous creatinine clear- 

ted ance without any evidence of signs of renal failure. 

of LINDGREN (1957) uses 40 ml] of a 45 or 50% iodine compound injected 

uge | transfemorally; he never repeats the injection the same day. His material 

sed includes cases with slightly impaired renal function before the aortography 


ine was performed. Since he presented his modification for aortography with 
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hypotension under general anaesthesia, he has never had a single case 
presenting clinical signs of renal damage due to the examination. Lryp- 
GREN believes that deep anaesthesia is of importance in impeding vascular 
spasm in the renal vessels — in agreement with his experiences with cere- 
bral arteriographies with and without deep anaesthesia. It seems likely 
to the present authors that his good results also depend upon the hypo- 
tension which causes a reduced renal flow and thereby a reduced dose of 
the contrast medium per unit of time. 

Our findings are also to be studied from the viewpoint of the cases of 
renal damage in aortography described in the literature. (See first para- 
graph.) Some of these cases had impaired kidney function before the 
aortography was done and are therefore excluded. In others the contrast 
medium was injected directly into one of the renal arteries and the dose 
intended for the aorta injected into a much smaller vessel without dilu- 
tion; this easily explains the subsequent renal failure (IbBoHRN & Bere 
1954.) In the cases in which renal failure had appeared after large doses 
of contrast medium despite a proper technique, the renal capacity was 
not tested before the injection. There is thus no proof that in these cases 
the kidneys were really intact during the examinations. 

It appears reasonable to conclude that properly performed aorto- 
graphies, preferably by transfemoral catheterization, will not damage 
healthy kidneys in human subjects. 


SUMMARY 


Aortographies with large doses of contrast medium after transfemoral catheterization 
have been performed in healthy dogs under general anaesthesia. Renal function was tested 
by means of inulin and PAH clearances before and after the contrast medium injection, 
and the kidneys examined microscopically post-mortem. The findings indicate that proper- 
ly performed aortography with transfemoral catheterization does not cause renal failure 
if the renal capacity is intact previous to the examination. 


ZUSAMMENFASSUNG 


Aortographien mit grossen Kontrastmitteldosen sind nach transfemoraler Katheteri- 
sierung bei gesunden Hunden in Vollnarkose durchgefiihrt worden. Die Nierenfunktion 
wurde mit Inulin und PAH clearance vor und nach der Kontrastmittelinjektion gepriift; 
die Nieren wurden nach der Obduktion mikroskopisch untersucht. Die Befunde deuten 
darauf hin, dass eine korrekt durchgefiihrte Aortographie mit transfemoraler Katheterisie- 


rung keine Nierenschadigung hervorruft, wenn die Nierenfunktion vor der Untersuchung 
intakt ist. 
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RESUME 


Les auteurs ont fait 4 des chiens en bonne santé, sous anesthésie générale, des aorto- 
graphies avec de fortes doses de moyen de contraste, par cathétérisation transfémorale. 
La fonction rénale a été testée par les clearances a l’inuline et au PAH avant et aprés l’in- 
jection du moyen de contraste, et les reins ont été examinés microscopiquement post 
mortem. Les résultats de ces examens montrent que l’aortographie exécutée convenable- 
ment par cathétérisation transfémorale ne cause pas d’insuffisance rénale quand la fonction 
rénale est normale avant |’examen. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTOR: A. HOLTERMAN), DIAKONHJEMMETS 
SYKEHUS, OSLO, NORWAY 


MYOTENDINITIS CALCAREA AT THE PROXIMAL 
JOINT OF THE GREAT TOE 


by 


Arne Borgersen 


Cases of myotendinitis calcarea affecting the tendons and the peri- 
tendinous tissue in the region of the great toe are rare and find no place 
in the literature. SANDSTROM in his extensive works on peritendinitis 
calearea has reported cases of the condition in the regions of many of 
the main joints as well as in those of the wrist, little finger and little toe 
(1938). He has recently suggested the term myotendinitis calcarea for the 
condition by reason of the fact that pathologic changes are also found 
in the muscle tissue surrounding the affected tendons (1951). 


Case reports 


Case 1, Man, aged 40. No family or personal history of gout. During the previous 
year he had felt occasional slight pain in the region of the first metatarso-phalangeal joint 
of the left foot, especially when walking. This had gradually increased during the previous 
month and in the course of the previous week was associated with increasing swelling 
of the joint. 

On examination in October 1955 considerable swelling and reddening of the skin 
over the joint was present with tenderness below the head of the first metatarsal bone. 


Submitted for publication 28 January 1958. 
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a b a b 
Fig. 1. Case 1. a) Before treatment. Calcifications in Fig. 2. Case 2. a) Before treatment. Linear 
the soft tissue below the head of M 1. b) After treat- calcifications below head of M 1. b) After 
ment. The calcifications have almost completely treatment. Marked reduction in the size of 
disappeared. the calcifications. 


Roentgen examination revealed several calcifications, varying in size from a bean to a pea, 
in the soft tissue below and somewhat medial to the head of the metatarsal (Fig. 1 a). 
No obvious changes noted in the joints of the great toe. 

The patient received roentgen treatment, 75 r every other day for ten days, a total 
of 450 r. (Factors: 0.5 mm Cu, 40 em FSD, 170 kV, 11 mA) with very good effect. Because 
of persistent slight pain, especially when skiing, the treatment was repeated four months 
later since when the patient has been free from symptoms. At roentgen examination at 
the time of the second series of treatments and again in October 1957 (Fig. 1 b), the 
calcifications were seen to have disappeared almost completely. 


Case 2. Woman, aged 39. No history of gout. Ten years previously she had had 
acute pain in the first metatarso-phalangeal joint of the right foot with a recurrence in 
a milder form a year before the examination. The last attack occurred 11 days before 
she was examined. She stated that she had walked bare-footed on a cold floor and an 
hour later experienced acute pain in the same joint as before; about 8 hours later swelling 
and reddening appeared and she could not put her weight on the foot. She was forced to 
lie in bed for 5 days, during which time she was treated with penicillin and local dressings. 
On examination in November 1957 the patient still had pain on walking and there was 
slight swelling of the joint with tenderness on pressure below the head of the metatarsal 
bone. Roentgen examination revealed sharply defined, slightly curved linear calcifications 
in the soft tissue below the head of the metatarsal just proximal to the medial sesamoid 
bone (Fig. 2 a). No changes in the bones or the joints were noted. 

Roentgen treatment (same doses and factors as in Case 1) was given with moderate 
effect. A control roentgen examination about a month later, however, showed unques- 
tionable diminution of the calcifications (Fig. 2 b). As the patient still complained of 
symptoms, she was given a further course of roentgen treatments, following which she 
could walk and do her work without difficulty, only a slight tenderness on deep local 
pressure persisting. 
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Discussion 


Myotendinitis calcarea may easily be mistaken for acute gout and a 
phlegmon, an abscess, or possibly acute osteomyelitis may produce similar 
clinical features. As regards the latter conditions, a roentgenologic ex- 
amination will promptly secure the correct diagnosis. As for gout, calcifica- 
tions in para-articular tophi might theoretically give somewhat similar 
appearances although these are almost certain to be associated with bone 
detects and joint changes. In our two cases the clinical picture as well as 
the course of the disease were not those of arthritis urica and the con- 
centration of uric acid in the blood was normal. A good response to roent- 
gen treatment may support the diagnosis as this form of therapy is, in 
the opinion of most authors, of little or no value in gout. As for the roent- 
gen differential diagnosis, calcinosis interstitialis localisata must be kept 
in mind. In this condition, however, the calcifications are more granular 
and often lie in dense conglomerations. 

The tendon of the flexor hallucis longus muscle, enclosed in a sheath, 
passes on the plantar aspect of the first metatarsal bone between the two 
bellies and tendons of the flexor hallucis brevis muscle to be inserted at 
the base of the terminal phalanx. The flexor hallucis brevis muscle has 
its origin in the tarsus and its two tendons are inserted at the base of 
the proximal phalanx, a sesamoid bone being present in each tendon at 
its insertion. In our two cases the calcifications must presumably have 
been situated in close proximity to the tendons and, in conformity with 
the investigations of SANDSTROM, in the muscle tissue as well. 


SUMMARY 


Two cases of myotendinitis calcarea in the region of the proximal joint of the great 
toe with typical clinical and roentgenologic features are described. The differential diag- 
nosis, with special reference to gout, is considered. The condition appears to respond well 
to roentgen treatment. 


ZUSAMMENFASSUNG 


Zwei Fiille einer Myotendinitis calcarea in der Gegend des proximalen Gelenkes der 
grossen Zehe mit typischen klinischen und réntgenologischen Bildern werden beschrieben. 
Die Erkrankung scheint gut auf Réntgenbehandlung zu reagieren. 
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RESUME 


Présentation de deux cas de myo-tendinite calcifiante dans la région de l’articulation 
proximale du gros orteil, avec signes cliniques et radiologiques typiques. L’auteur étudie 
le diagnostic différentiel, en particulier avec la goutte. Cette affection parait répondre 
favorablement 4 la roentgenthérapie. 
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L,ARTERIOGRAPHIE VERTEBRALE DANS LE 
DIAGNOSTIC NEURO-CHIRURGICAL 


par 


G. Ruggiero, A. Thibaut et J. Bories 


Le but de ce travail est de rendre compte de l’expérience de 227 
artériographies ad modum LinpDGREN, technique I, acquise dans notre 
laboratoire avec l’artériographie vertébrale percutanée. 

Les travaux sur l’artériographie vertébrale peuvent étre divisés en 
deux groupes: ceux faits par des radiologistes ou l’examen réussit dans 
un nombre de cas élevé et ot les résultats diagnostiques sont favorables, 
et ceux faits par des non radiologistes ou, en général, le pourcentage de 
succés (quand il est calculé) est faible, avec des résultats diagnostiques 
peu encourageants. En ce qui concerne l’analyse des résultats, nous ne 
ferons mention que des travaux du premier groupe. 

J] existe deux méthodes principales: la méthode par cathétérisation 
et la méthode percutanée. Les pourcentages de succés les plus remar- 
quables avec la méthode par cathétérisation sont ceux de RADNER et de 
HAUGE qui atteignent respectivement 98 et 98.5 %; avec la méthode 
percutanée, ils ne dépassent pas 80% chez DECKER, mais ils atteignent 
92 et 94 % dans les statistiques de SJ6GREN et SWANN. 


Présenté a la Société de Neurochirurgie de Langue Frangaise le 2 décembre 1957. 
Soumis 4 la rédaction le 11 février 1958. 
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Tableau 1 
Résultats de Vensemble du matériel 
Examens Résultats Résultats Echee 
on. avec succés utiles insuffisants 
amens INom- |Nom-| |Nom-| ,, |Nom-| ,, |Nom-| 4, 
bre bre bre bre bre 
lére partie (mars 
1953—février 
| ee 79 78 | 98.7 69 | 87.34] 61 | 77.24 8 | 10.12] 10 | 12.91 
2éme partie (mars 
1954—décem- 
bre 1956) ..... 100 99 | 99 96 | 96 91 | 91 5|] 5 4 4 
3éme partie (jan- 
vier 1957—15 
janvier 1958) .. 48 48 | 100 48 100 42 | 87.5 6 | 12.5 0 0 
Total desexamens| 227 225 | 99.11] 213 | 93.83] 194 | 85.46] 19 | 8.37] 14 6.17 


Aussi bien avec l'une qu’avec l'autre méthode les résultats se sont 


beaucoup améliorés avec l’expérience des opérateurs qui ont presque tous , 


classé leur matériel par périodes successives. C’est peut-étre pour cette 
raison que le pourcentage de succés obtenu par DECKER est sensible- 
ment plus bas que celui des autres spécialistes: cet auteur ne rapporte 
en effet que des résultats globaux. 

De facgon générale, il est admis que la méthode percutanée est pré- 
férable a la méthode par cathétérisation en raison de multiples avantages 
pratiques maintes fois analysés (SJ6GREN, RUGGIERO et CoNsSTANSs, 
Swann) et sur lesquels il serait inutile de revenir. Cependant, tous les 
neuro-radiologistes admettent jusqu’a présent que la méthode par cathé- 
térisation offre un pourcentage de succés plus élevé que la méthode per- 
cutanée. 


Matériel 


Notre matériel, résumé dans les tableaux I 4 III, comprend 227 artériographies 
vertébrales effectuées chez 215 malades, dont 95 femmes et 120 hommes; le malade le 
plus agé avait 67 ans et le plus jeune 3 ans. Ceci représente la totalité des examens faits 
dans le service du mois de mars 1953 au 15 janvier 1958. Quand le méme malade a eu une 
artériographie bilatérale parce que celle-ci avait été jugée nécessaire pour le diagnostic, 
lexamen a été compté deux fois; quand il n’y avait pas de coté électif pour l’artériographie 
et que celle-ci, commencée d’un cote, a été continuée de l'autre, on a compté un seul 
examen. 

Nous avons divisé notre matériel en trois parties: la premiére, que nous considérons 
comme expérimentale et de mise au point, comprend 79 examens dont les 48 premiers 
constituent le matériel présenté par RuGGrERo et Constans au Congrés de Neuro-Chirurgie 
de Langue Francaise tenu 4 Alger en 1954; la deuxiéme porte sur 100 examens effectués 
de mars 1954 4 décembre 1956; elle’ se différencie en ce que tous les examens ont été faits 
par la méme personne (G. R.); la troisiéme comprend les examens effectués depuis cette 
date. 
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Tableau 2 
— Résultats des deuxiéme et troisiéme parties du matériel réunies (nombre d’examens = 148 
dont 138 malades) 
“8 
Total 
% 
— Nombre de cas % 
Ponctions couronnées de succés .........--- 147 99.32 
2.91 Examens couronnés de succés..........+++- 144 97.30 
Résultats insuffisants ................-- 11 7.43 
) Analyse du matériel et considérations techniques 


Les Tableaux I et II montrent qu’aprés la période de mise au point 
le pourcentage de réussite fut aussi élevé que celui des statistiques des 


= spécialistes de la méthode par cathétérisation. En effet, sur 148 examens 
wre (Tableau II) il fut de 97.3 °% et dans la toute derniére période il a été de 


ble- 100 °%, sur 48 examens (Tableau I). 
Le succes de la ponction, laquelle, dans les mains d’un opérateur ex- 


périmenté, peut étre considérée comme étant aussi simple que celle de 
pré- lartére carotide interne, ne suffit pas pour qu’on puisse dire que l’examen 
réussl; en effet plusieurs facteurs (spasmes dis a des erreurs tech- 
NS, niques, nécessité d arréter un examen pour un accident d’anesthésie, im- 
Ma possibilité de répéter une série dans la crainte d’injecter une quantité 


hé excessive de contraste, etc.) peuvent faire échouer un examen méme si 
la ponction de l’artére a été correctement et facilement réalisée. Dans 


= notre matériel ces cas ont été supprimés des examens réussis. 
Une artériographie vertébrale peut étre utile au diagnostic soit en 
mettant en évidence |’existence d’une maladie vasculaire ou expansive, 
om soit en l’excluant avec certitude; dans ces cas on obtient un résultat utile. 
le le Par résultat insuffisant on entend par contre les cas dans lesquels, 
faits bien qu’on ne puisse déceler aucune erreur technique évidente, on hésite 
he quand méme a interpréter les radiographies dans un sens ou dans l’autre. 
phie Appartiennent a ce groupe presque exclusivement des cas de spasme ob- 
ooal servé chez des malades dont le tableau clinique est en faveur d’une 
étiologie artériopathique. Nous avons exclu ces cas de la discussion dia- 
Tons gnostique. Nous y avons inclu par contre des cas de la méme nature mais 
“er sans spasme, en attributant 4 l’examen une utilité diagnostique complé- 
PA mentaire. Celle-ci indique donc les cas ot |’examen n’a pas donné tous 
faits les renseignements nécessaires pour poser un diagnostic correct, mais ou 


rette il a quand méme fourni des indications utiles: un exemple est représenté 
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Tableau 3 


Utilité diagnostique de Vartériographie vertébrale 


Types de maladies 


Diagnostic 


Nombre 
de cas 


Pas de 
diag- 
nostic 


Douteux 


Siége et 
situa- 
tion 


Siege 


Siege, si- 
tuation 
et nature 


Utilité 
comple- 
mentaire 


Affections vasculaires 
Anévrismes artéri- 
Anévrismes artério- 
Hydrocéphalies non 
tumorales ......... 
Tumeurs cérébrales ... 
Partie antérieure de 
la fosse postéri- 
Extra-cérébrales 
Angle ponto- 
cérébelleux .. 
basilaire 
Intra-cérébrales 
(Trone cérébral) 
Partie postérieure de 
la fosse postéri- 
Extra-cérébel- 
Intra-cérébel- 
Région pinéale..... 
Supra-tentorielles .. 
Hémisphériques 
Extra-cérébra- 
Intra-cérébrales 
Centrales ....... 
Extra-cérébrales 
de la base du 
Tumeurs multiples 


par la démonstration d’une vascularisation suppléante du systéme verté- 
bral dans les cas de thrombose de l’artére carotide interne ou d’une de 
ses branches intracraniennes. C’est pour cette raison que ces cas sont 
relativement nombreux dans la troisiéme partie du matériel, dans laquelle 
justement l’artériographie vertébrale a trouvé, dans les maladies vascu- 


to 


8 


26 


10 


26 


laires non chirurgicales, un élargissement de son champ d’indications. 


Les termes diagnostic: “douteux’’, de “siége’’, “situation” (par rapport 
au cerveau, intra- ou extra-cérébrale), “nature” ne nécessitent aucune ex- 


plication. 
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Fig. 1. Anévrisme artério-veineux 
temporo-occipital basal gauche, par- 
faitement démontré par l’artério- 
graphie vertébrale (a, b), et qui était 
trés mal défini par l’artériographie 
carotidienne (c). Le calibre de l’artére 
vertébrale est trés important (a et b). 
Pour obtenir un contraste satisfaisant 
examen fut pratiqué avec une 
aiguille plus grande que celles utili- 
sées d’habitude et le contraste dut 
étre injecté trés rapidement. 


Aiyuille. De Vavis quasi général, la difficulté essentielle de la tech- 
nique de l’artériographie vertébrale percutanée est le maintien de |’ai- 
guille dans l’artére. SsGGREN, puis SHELDON ont rapporté aux aiguilles 
classiques des modifications dont le principe essentiel est de ne pas faire 
coincider l’orifice antérieur avec l’extrémité du biseau; de cette fagon, 
méme si la pointe de l’aiguille se trouve un peu en dehors de la paroi 
artérielle, le contraste ne peut pas sortir de la lumiére du vaisseau. Pour 
Swann, “the use of the Sheldon needle has converted vertebral arterio- 
graphy from an uncertain time-consuming and sometimes frustrating 
procedure to a not difficult manoeuvre comparable with carotid punc- 
ture’. Entre ses mains le succés de l’artériographie vertébrale qui, avec 
une aiguille classique (35 cas), n’avait pas dépassé 60 %, est passé, avec 
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Fig. 2. Gliome vasculaire cérébelleux droit alimenté par l’artére cérébelleuse postéro-inférieure droite. 

L’artériographie vertébrale gauche ne montre que les signes d’une hypertension dans la fosse postérieure 

(a et b). L’artériographie vertébrale droite (¢ et d) démontre parfaitement la tumeur, surtout visible 

dans les phases capillaire et veineuse (d). Remarquer en (a) et (c) l’aspect différent de l’artére cérébelleuse 
postéro-inférieure qui, du cété droit (c), est dilatée. 


laiguille de SHELDON (10 cas) et l’aiguille de SHELDON modifiée (57 cas) 
a 94%. 

Bien que rarement, nous avons essayé ces différentes aiguilles, mais 
nous n’avons pas remarqué de différences importantes. Nous ne 
partageons donc pas lidée que la forme de l’aiguille joue un réle dans le 
succés de l’examen; s’il est vrai que, dans le cas d’une artére vertébrale 
trés fine, une aiguille & biseau court et épais avec une lumiére peu im- 
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portante peut faciliter la ponction, il est aussi vrai que dans les cas de 

grosse artére (comme il en existe parfois dans les malformations vasculaires) 
l'utilisation d’une aiguille de plus gros calibre permet une injection rapide 

(en rapport avec l’importance du flux sanguin) et donc, par conséquent, 
des images mieux contrastées (Fig. 1). 

On comprend mal aussi pourquoi une aiguille 4 ouverture latérale 
telle que, par example, celle de SHELDON, devrait forcément faciliter 
examen: en effet si une des extrémités de l’ouverture latérale se trouve 
4 lintérieur de lartére, mais trés peu éloignée d’une de ses parois, le 
moindre mouvement peut changer Jes rapports entre aiguille et vaisseau. 
Du contraste ou du sang peuvent alors se répandre dans la gaine de 
l’artére et le probléme serait donc le méme que celui observé avec une 
aiguille normale. De toutes fagons, plusieurs aiguilles de dimensions 
différentes font partie de l’instrumentation normale d’un neuro-radio- 
logiste. I] existe, pour la technique artériographique, comme pour toutes 
les autres méthodes, un cdété subjectif, d’improvisation, qui fait que le 
médecin adapte les détails de sa technique aux différents cas. Ceci s’ap- 
; plique également a la technique de Ja ponction. Si dans quelques cas une 
ponction plus sur la ligne médiane en dirigeant |’aiguille vers l’extériew 
(technique de SsJ6GREN) peut étre utile, dans la majorité des cas une 
ponction un peu plus latéralisée est plus facile et moins désagréable pour 
le malade. La aussi le facteur individuel joue un role décisif. 

En définitive, a notre avis, le succés de l’artériographie vertébrale dépend 
essentiellement d’un facteur: l’expérience de celui qui pratique l’examen. 
Les auteurs n’ont commencé a utiliser des aiguilles spéciales qu’a partir 
d’un certain nombre d’examens: on ne saurait donc comparer, dans les 
mains d’un méme opérateur, des résultats se rapportant 4 un matériel 
comprenant des cas de l’epoque de mise au point a des cas ott l’examen 
fut pratiqué quand l’opérateur avait déja une certaine expérience de 
la méthode. 


te. _ Contraste. La quantité du produit de contraste et la vitesse d’injection 
= jouent également un réle dans le succés de tout examen artériographique. 
ise Une quantité modérée et une faible concentration diminuent les risques 


(Broman et Oxsson) tout en permettant la prise de plusieurs séries. 
SWANN injecte en général 8 ml d’Hypaque a 45 %; nous n’excédons que 


Ss) rarement (anévrismes artério-veineux, tumeurs trés vascularisées) une 

| dose de 3 4 4 ml de Vasurix 25, ot le chiffre 25 exprime la concentration 
Lis en iode, tandis que la concentration de la solution aqueuse est de 50 %. 
ne C'est peut-étre pour cela que Ja visualisation des deux artéres vertébrales 
le est assez rare dans notre matériel; mais nous pensons que, dans les cas 
le d'une vascularisation pathologique aux dépens de l’artére cérébelleuse 


n- postéro-inférieure, l’injection directe de la vertébrale homo-latérale donne 
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de bien meilleurs résultats (Fig. 2) que l’injection indirecte par la verté- 
brale opposée. 

Lutilisation d’un tube de caoutchouc rempli de liquide facilite la 
ponction de lartére, et la perfusion continue de solution physiologique 
est indiquée pour faciliter les manoeuvres de centrage qui obligent a 
bouger la téte du malade; ce systéme n’est cependant pas indispens: ible 
pour linjection du contraste dont la vitesse doit étre réglée d’aprés la 
résistance opposée par la pression intra-artérielle. L’évaluation de celle-ci 
est plus facile sans l’intermédiaire du tube de caoutchouc. Dans les cas ot 
un cou court obligerait & trop rapprocher les mains de la surface irradi¢ée, 
nous utilisons un raccord d’environ 10 cm de longueur prolongeant l’em- 
bout de la seringue. 


Anesthésie. Nous pensons qu il vaut mieux pratiquer l’examen sous 
anesthésie locale; et ceci pour deux raisons : d’abord, l’anesthésie géné- 
rale représent toujours un traumatisme; ensuite, si le malade est conscient, 
on peut éviter la piqtre répétée de racines pouvant entrainer une douleur 
dans l’épaule et dans le bras, parfois trés forte et qui peut durer plusieurs 
heures. Une prémédication a la fois sédative et anti-spasmodique est ce- 
pendant indiquée dans tous les cas. 


La prémédication et l’'anesthésie sont confiées dans notre service au Dr Deligné pour 
lequel un facteur trés important est le respect de lhoraire, la prémédication ayant un 
effet maximum 4 un moment donné; il est indispensable, méme dans les cas ot on ne peut 
pas éviter une anesthésie générale, celle-ci étant beaucoup plus facile au moment oi la 
prémédication a son effet maximum. En pratique, on donne la veille de l’examen, le soir, 
per os: Nembutal 100 mg et Phenergan 2 comprimés. Une heure et demi avant l’examen on 
donne Dolosal 50 & 100 mg I. M., Phenergan 25 4 50 mg, Atropine '/, mg ou Scopolamine 
1/, mg, et Papavérine 0.02 4 0.05 g. 

Cette prémédication s’entend valable pour un sujet adulte en conditions générales 
“normales”’. 


Dans les cas d’anesthésie générale, celle-ci se fait au Pentothal qui est injecté 
par voie intra-veineuse, en quantité variable suivant les cas. 


Spasme. Si le spasme est souvent di a la présence de contraste dans 
la gaine de l’artére ou en dehors de celle-ci, il ne l’est pas toujours: il peut 
exister un spasme sans qu’aucune erreur technique ait été commise. II ne 
faut pas oublier que l’artére vertébrale est une artére de calibre réduit, 
& parois musculaires faibles, et donc beaucoup plus sensible a l’action 
spasmodique du contraste, surtout quand il s’agit de malades “vascu- 
laires”. (Dans d’autres travaux (RUGGIERO et CoNSTANS, BorIEs) nous 
avons montré des cas dans lesquels la lumiére de l’artére vertébrale 
n était pas plus grande que celle de l’aiguille. L’examen avait quand méme 
été correctement pratiqué.) Déja dans l’artériographie carotidienne on 
peut observer, par exemple a la suite d’une hémorrhagie sous-arachnoi- 
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dienne, des spasmes de l’artére carotide (surtout au niveau du siphon) ou 
de ses branches intra-craniennes. Nous en avons observé plus fréquem- 
ment depuis que l’artériographie vertébrale est devenue une méthode de 
routine, utilisée presque systématiquement chez ce genre de malades. 
Evidemment, pour affirmer qu'un spasme n’est pas en rapport avec une 
erreur technique, il faut pouvoir constater que l’aiguille est correct ement 
placée dans l'artére et qu'il n’y a pas de contraste en dehors de sa lumiére. 


Accidents. Parmi les accidents immédiats, en dehors de quelques 
douleurs de type radiculaire consecutives 4 la piqire d’une racine, nous 
avons observe: 


Un cas de parésie du membre supérieur homo-latéral a la lésion, ayant régressé en 
48 heures. 

Un cas de perte de conscience et coma immédiats survenus apres avoir défléchi la téte 
pour une s¢riographie en projection axiale; le malade fut opéré avec succés d’une tumeur de 
la fosse postérieure. 

Un cas dhémiplégie transitoire, s'accompagnant de troubles sphinctériens, chez une 
femme de 53 ans, artérioscléreuse; régression en 15 jours. Le contraste utilisé avait été 
le Vasurix 25. 

Deux cas dans lesquels on observa des crises toniques. Dans le premier, un homme de 
38 ans chez lequel |’°examen mit en évidence l’existence d’une grosse tumeur centrale vascu- 
laire, la crise intéressait lhémi-face homo-latérale, le trone et les membres inférieurs. Elle 
dura 25 minutes avec persistance d’un état crépusculaire qui régressa & son tour aprés 
quelques heures; examen avait été fait sous anesthésie générale et le contraste était la 
Diodone 4 35 °%,. Dans le deuxiéme cas, un enfant de 3 ans '/, avec macrogenitosomie, une 
injection d’Acetiodone & 50 °, déclancha une crise tonique intéressant, du coté de l’in- 
jection, les mucles du cou, les muscles oculaires, le tronc, le membre supérieur et l’hémi- 
face, saccompagnant d’une éruption de plaques sur l’hémi-face, le cou et les épaules; 
disparition en 20 minutes. Trois injections antérieures de Vasurix 25 n’avaient été suivies 
d’aucune réaction. 

Deux eas de crises d’épilepsie généralisée chez des épileptiques, apparues, dans chaque 
cas, apres une injection d’Acetiodone 4 50% (3 ml); des injections antérieures d’ Acetio- 
done a 30°, n’avaient déclanché aucune crise. 


Parmi les accidents tardifs nous avons 2 cas de mort ot le rapport 
chronologique entre le moment de l’examen et le décés pourrait faire 
incrimer l’artériographie vertébrale. Ces deux cas ont été autopsiés: 


Dans l'un, il s’agissait d'un homme de 26 ans qui, deux jours avant, avait subi con- 
sécutivement une artériographie carotidienne et une artériographie vertébrale. L’autopsie 
montra une méningo-encéphalite purulente. 

Dans l'autre, il s’agissait d’une femme de 52 ans ayant subi une artériographie verté- 
brale la veille. Précédemment une artériographie carotidienne avait été pratiquée, sans 
accident conséeutif. L’ autopsie montra un oedéme cérébral important et une myocardite; 
il y avait également une atrophie septale qui, de l'avis du pathologiste, représentait 
vraisemblablement. une séquelle d’infarctus. La mort était survenue brutalement, a la 
d'une syncope respiratoire; dans l’intervalle aucune réaction particuliére ne s’était 
produite. 
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Fig. 3. Récidive d’anévrisme  artério- 
veineux pariétal gauche calcifié. L’artére 
carotide gauche avait été liée au cours de la 
premiére intervention. Une artériographie de 
lartére carotide interne droite (a et b) montre 
le remplissage des deux cérébrales antérieures 
mais aucune visualisation satisfaisante de 
Vanévrisme. Celui-ci est par contre parfaite- 
ment démontré par l’artériographie vertébrale 
& travers (c): une grosse artére communicante 
postérieure. Le contraste passe dans le siphon 
carotidien et de celui-ci dans les branches du 
groupe de Sylvius qui alimentent la lésion. 


En conclusion, en ce qui concerne les cas de mort, nous estimons que 
lartériographie vertébrale ne doit pas étre tenue pour responsable. Dans 
le premier cas, l'état du malade était trés grave déja avant l’examen; 
dans le deuxiéme, |’état cardio-vasculaire aurait di faire contre-indiquer 
tout examen artériographique. En ce qui concerne les accidents immé- 
diats, la toxicité du produit de contraste doit étre mise en cause: notre 
expérience suggére qu'il faut éviter l'utilisation de produits de contraste 
du type “sel de sodium” (Acetiodone) 4 concentration supérieure a en- 
viron 25 ou 30 %. Par contre, des produits du type “sel de methylglu- 
camine” (Vasurix) sont trés bien tolérés 4 la concentration de 50 %. 
(Aussi bien le Vasurix que I’ Acetiodone sont des produits triiodés.) Nous 
n’insistons pas davantage sur la question de la qualité du contraste, ce 
sujet ayant déja fait objet d’une étude dans notre service (CALABRO). 
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a b 


Fig. 4. Méningiome de la tente. L’encéphalographie (a) indique l’existence d’une lésion temporo-occipitale 
basale. La nature vasculaire de la tumeur qui est entourée de multiples artéres trés fines(—>) est parfaite- 
ment démontrée par l’artériographie vertébrale (b). 


Une position défléchie de la téte prolongée, telle que la réclame la prise 
de sériographies en projection axiale, doit étre évitée quand il existe des 
signes cliniques ou radiologiques d’hypertension avec hernie cérébrale 
ou cérébelleuse. 


Utilité diagnostique 


_ Le Tableau IIT résume les résultats obtenus dans 101 cas patholo- 
giques. 


Affections vasculaires. La valeur de lartériographie vertébrale dans 
les malformations vasculaires n’est pas discutable. Il est 4 remarquer que 
sur nos 7 cas d’anévrismes artério-veineux, 6 étaient supra-tentoriels et 
qu’'au moins 5 fois l’artériographie vertébrale était absolument indispen- 
sable (Fig. 1). 

_ Sous Ja terminologie “divers” figurent 10 cas de lésions vasculaires 
de types différents: 2 cas de thromboses de l’artére sylvienne dans 
lesquels l’examen montra la vascularisation suppléante et dont un fut 
une surprise diagnostique (l’artériographie carotidienne fut fait aprés l’ar- 
tériographie vertébrale); un cas de ligature de l’artére carotide primitive 
ou examen fut fait pour étudier les conditions de vascularisation sup- 
pléante (Fig. 3); un cas d’impression basilaire avec hypoplasie de l’artére 
basilaire; 6 cas d’artériosclérose. C’est dans ce dernier groupe que l’on 
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compte le plus grand nombre d’examens ayant une utilité diagnostique 
complémentaire: en fait, méme lorsque des signes certains d’athéroma- 
tose (défaut de remplissage sur les parois artérielles) ne sont pas présents, 
le diagnostic peut étre envisagé en présence d'un aspect tortueux, irrégu- 
lier, souvent ““spastique” des artéres, associé 4 une anamnése de lésion 
vasculaire et 4 une symptomatologie évoquant une lésion du trone céré- 
bral. Nous insisterons sur le fait que dans ces cas il n’y avait pas eu d’er- 
reur technique et que le contréle encéphalographique avait permis d’ex- 
clure Texistence d'un processus expansif. Toutefois, en dépit d’études 
poussées (KRAYENBUHL), les connaissances de l'aspect radiologique de ce 
type de pathologie ne sont pas, 4 notre avis, suffisantes: nous hésitons 
done a attribuer 4 lartériographie vertébrale une valeur absolue, ne lui 
reconnaissant pour linstant, qu'une utilité diagnostique complémentaire. 


Hydrocéphalies. 11 en est de méme pour les cas dhydrocéphalie dans 
lesquels lexamen, tout en démontrant lhydrocéphalie, permet d’exclure 
existence d’une grosse lésion expansive dans la fosse postérieure et dans 
le trone cérébral. Cependant, des tumeurs peu volumineuses et non 
vasculaires peuvent présenter un artériogramme vertébral négatif. En 
présence de signes artériographiques d’hydrocéphalie il est donc indispen- 
sable de pratiquer des explorations pneumographiques. 


Tumeurs. D’aprés notre expérience, l’artériographie vertébrale est trés 
utile dans les tumeurs cérébrales, non seulement les tumeurs infra-tento- 
rielles mais aussi les tumeurs supra-tentorielles. 

Parmi les tumeurs de la fosse postérieure, les tumeurs extra-cérébrales 
de la partie antérieure de la fosse postérieure et les tumeurs intra-céré- 
belleuses sont celles dans lesquelles nous avons obtenu les meilleurs 1é- 
sultats. Dans les premiéres le diagnostic de siége, de situation et de nature 
fut fait 7 fois et de siége et de situation 4 fois sur un total de 15 cas. I] est 
hors des limites de ce travail de parler de la séméiologie artériographique 
dans les différentes lésions mais nous pouvons résumer notre opinion en 
disant que dans ces tumeurs le diagnostic se base surtout sur le déplace- 
ment des vaisseaux. Par contre, dans les tumeurs intracérébelleuses ou 
sur 14 cas nous avons obtenu 8 fois un diagnostic de siége et de situation 
et 3 fois un diagnostic de siége, situation et nature, le diagnostic se base 
essentiellement sur la vascularisation pathologique. A propos de diagnostic 
de siége, dans un autre travail fait dans notre service, il a été démontré 
que l’artériographie vertébrale présente sur l’encéphalographie fractionnée 
lavantage d’indiquer beaucoup plus souvent !e cété de Ja tumeur dans 
la fosse cérébelleuse. 

Les tumeurs du tronc cérébral sont celles dans lesquelles l’examen est 
le moins utile. Il faut insister sur un fait: lorsqu’on soupgonne clinique- 
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Fig. 5. Métastases de la fosse postérieure. 

Trois noyaux vasculaires sont injectés; sur 

les images de profil ils sont particuli¢rement 

bien visibles dans une phase artérielle tardive 
(c). 


ment un tumeur de la fosse postérieure, il ne faut pas hésiter a faire une 
encéphalographie si les données artériographiques ne sont pas concluantes. 
Nous avons observé une grosse tumeur de l’angle ponto-cérébelleux ou 
examen était négatif et deux autres pour lesquelles le diagnostic restait 
trés douteux. 

Dans notre matériel, il existe presque autant (32 cas) de tumeurs 
supra-tentorielles que de tumeurs infra-tentorielles (35 cas), les tumeurs 
de la région pinéale formant un groupe a part. Cela tient 4 deux facteurs: 
d'une part, les résultats excessivement favorables que nous obtenons avec 
l'encéphalographie fractionnée qui est pratiquement toujours le premier 
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examen pratiqué dans un cas ot l’on soupgonne une tumeur de la fosse 
postérieure, et, d’autre part, l’artériographie vertébrale faisant partie 
maintenant des examens de routine au méme titre que |’artériographie 
carotidienne, nous n’hésitons pas a Ja pratiquer chaque fois que nous 
désirons perfectionner un diagnostic de tumeur de la partie postérieure 
d’un hémisphére (Fig. 4). Dans ces tumeurs, en effet, les renseignements 
fournis par l’artériographie carotidienne sont souvent insuffisants (& moins 
que la lésion ne soit vascularisée) et parfois méme l’encéphalographie 
fractionnée ne suffit pas pour trancher définitivement le probléme dia- 
gnostique, ceci se produisant surtout dans les cas de non remplissage du 
systéme ventriculaire provoqué par |’oedéme ou par des énormes refoule- 
ments du tronc cérébral avec torsion et compression de |’aqueduc de 
Sylvius. 

Quand la clinique ou l’encéphalographie fractionnée indiquent | ’exis- 
tence d’une tumeur centrale, il est bon de pratiquer une artériographie 
vertébrale: si la lésion est vasculaire, sa localisation devient plus précise 
et l'on peut envisager une intervention stéréotaxique. Dans les tumeurs 
extra-cérébrales de la base du crane (surtout les tumeurs de la région 
sellaire) lartériographie vertébrale peut avoir une utilité diagnostique 
complémentaire considérable en précisant |’extension vers l’arriére de la 
tumeur et par conséquent ses rapports avec le trone cérébral. 

Dans les métastases tout dépend de la nature plus ou moins vasculaire 
et de l’importance des tumeurs. I] existe dans notre matériel deux cas 
dans lesquels l’artériographie vertébrale montra une tumeur dans la fosse 
postérieure, d’autres examens ayant montré une tumeur supra-tentorielle: 
l'examen doit done étre considéré comme ayant une utilité diagnostique 
complémentaire. Dans un cas, cependant (Fig. 5), la présence de plusieurs 
noyaux dans le cervelet permit un diagnostic excessivement précis. 


RESUME 


Expérience portant sur 227 artériographies vertébrales percutanées exécutées suivant 
la technique I de Lindgren améne a conclure que l’artériographie vertébrale percutanée 
est une méthode qui a sa place parmi les examens de routine neuroradiologique. Le pour- 
centage de réussite est aussi élevé que celui de la méthode par cathétérisation. L’aiguille 
et le type de contraste ne jouent pratiquement aucun role dans le succés de |’examen qui 
dépend essentiellement de l’expérience de l’opérateur. L’utilité diagnostique de l’artério- 
graphie vertébrale ne se limite pas aux affections vasculaires mais elle s’étend également 
aux tumeurs cérébrales, aussi bien celles de la fosse postérieure que supra-tentorielles. 
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SUMMARY 


Percutaneous vertebral arteriographies were carried out in 227 patients according 
to LinpGREN’s technique I, which is indicated for neuroradiologic routine examinations. 
The percentage of successful examinations, which depend less on the choice of needle and 
contrast medium than on the experience of the operator, is as high as obtained by the 
catheterization method. The diagnostic value of vertebral angiography is not limited to 
vascular diseases but also extends to cerebral tumours located either in the posterior 
fossa or above the tentorium. 


ZUSAMMENFASSUNG 


Perkutane Vertebralisangiographien wurden bei 227 Patienten mit LinDGREN’s 
Technik I, die fiir Routineuntersuchungen in der Neuroradiologie indiziert ist, durch- 
gefiibrt. Der Prozentsatz erfolgreicher Fille ist ebenso gross wie mit der Katheterisierungs- 
methode. Die Nadel und das Kontrastmittel spielen fiir die erfolgreiche Untersuchung 
eine sehr bescheidene Rolle. Die Erfahrung des Operatires ist wesentlich. Der diagnostische 
Wert der Vertebralisangiographie ist nicht nur auf Gefasserkrankungen beschrankt, 
sondern gilt auch fiir Hirntumoren, die entweder in der Fossa posterior oder oberhalb des 
Tentorium gelegen sind. 
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FROM THE RADIATION PHYSICS DEPARTMENT (DIRECTOR: ASSOC, PROF. KURT LIDEN), 
UNIVERSITY OF LUND, SWEDEN 


BREMSSTRAHLUNG SPECTRA FROM ROENTGEN 
TUBES 


by 


G. Hettinger and N. Starfelt 


Knowledge of the spectral shape of the unfiltered and filtered radiation 
is often useful in the applications of roentgen generators. The information 
is important for the calculation of the energy absorbed in the tissue as 
well as for the choice of suitable additional filters and contrast media in 
diagnostic and therapeutic rad‘ology. It is furthermore possible with fil- 
ters to obtain a photon distribution which may be regarded as mono- 
energetic for many practical purposes; in an investigation in progress in 
this laboratory we are measuring scattered roentgen radiation in a water 
phantom, using a roentgen tube with various filters as an approximately 
monoenergetic radiation source of variable photon energy. Radioactive 
isotopes of corresponding strength and energy are expensive and not al- 
Ways so easy to handle. 

Calculation of thick-target spectra from thin-target bremsstrahlung 
cross-sections is difficult and requires exact knowledge of the electron 
scatter and the photon absorption in the target. The spectral distribution 
of the radiation from a roentgen tube can be determined by analysis of 
absorption data according to JonES and GREENING, but direct scintilla- 


A preliminary report of this investigation was given at the meeting of the 
Swedish National Committee for Physics, Uppsala, 3—5 June, 1957. 
Submitted for publication 30 January 1958. 
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Table 1 


Ratio between maximum and minimum potentials across a 
Rotaliz tube in a Heliophos-Tutomat roentgen unit running at 
90 kV and various tube currents 


Tube current Vmax 
mA Vmax = 90 kV 
150 5.7 
18 3.9 
8.6 2.5 
4.7 1.60 
1.8 1.10 


tion spectrometer measurements appear to be preferable. JOHANSSON was 
the first to use the scintillation spectrometer for measuring continuous 
roentgen ray spectra. This method was afterwards refined by LipEn 
and STARFELT (8, 11). EHRLICH measured bremsstrahlung spectra be- 
tween 20 and 100 kV from a beryllium window roentgen tube with a 
thick tungsten target; a comparison with theory showed order-of-magni- 
tude agreement. 

CorMACK et coll. measured spectra of 280 kV radiation with half 
value layers of 1.7, 2.5, and 3.1 mm Cu using scintillation spectrometer 
techniques. Distributions obtained by analysis of absorption data were 
compared with their measured spectra and only poor agreement was 
found for the highly filtered radiation. THompson studied the spectra 
of copper, tin, and lead filtered roentgen rays and described a method 
for correction of a Gaussian pulse height distribution for the energy reso- 
lution of the scintillation spectrometer. This method gives good results 
for highly filtered radiation. WANG et coll. have also recently determined 
roentgen spectra at 50 kV from a beryllium window tube using a scintilla- 
tion spectrometer as well as by analysis of attenuation data by means of 
the Laplace transformation. 

In the present investigation a Nal (TI) scintillation spectrometer was 
employed, and unfiltered and filtered bremsstrahlung from two commer- 
cial roentgen tubes were studied; the accelerating potentials lay between 
25 and 250 kV. A method was also developed for deriving the shape of 
radiation spectra produced by roentgen tubes operating at potentials of 
various wave forms. 


Experimental apparatus 


The roentgen generators used in this investigation were a Philips MG 
300 and a Siemens Heliophos-Tutomat with tubes with tungsten targets. 
The MG 300 is a constant potential roentgen apparatus. The inherent fil- 
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material Pb Au Pb 
Collimator < diameter 20 03 30 
length 40 580 13 
| 145797 190 700 
IL, 
Lead shield 
| Nal(Ti) erystal roentgen tube 


| Du Mont 6292 
Cathod follower 


Fig. 1. Experimental arrangement for measuring the spectra of radiation 
from a roentgen generator. 


tration was equivalent to 4 mm of aluminium, the focal spot being about 
4 mm in diameter. This generator was used with tube voltages ranging 
between 100 and 250 kV. The tube potential was determined by a low 
voltage instrument, which was calibrated with the scintillation spectro- 
meter by comparing the high energy end-of continuous roentgen spectra 
with gamma-ray lines of known energy. During the measurements the 
tube was run with a current of 0.10 or 0.60 mA as measured in the high 
voltage circuit; the ripple in voltage was negligible at these tube currents 
and the output was so stable that no monitor was necessary. 

A Tutomat with a Rotalix tube was employed for the lower accelera- 
ting voltages. Its inherent filtration is equivalent to 0.7 mm of aluminium 
and the focal spot is 1 mm in diameter. The high voltage supply was 
calibrated with a spark gap (10) and the tube current measured in the high 
voltage circuit. The wave form at various tube currents was studied (10) 
by means of a 50 megohm resistor connected to earth, the voltage drop 
across a part of the resistor being observed on an oscilloscope. Table 1 
gives the voltage variation at different tube currents. At low tube cur- 
rent the cable capacity and other capacities influenced the voltage wave 
form in such a manner as to keep the applied voltage constant within 
a small percentage. 

The tube currents used in this experiment ranged between 0.60 and 
0.80 mA. 

The experimental arrangement is shown in Fig. 1. In studying the 
primary radiation it was necessary to use a gold collimator with an 
aperture of 0.3 or 0.5 mm in order to avoid an excessively high counting 
rate. The collimators were not lined with metals of lower atomic numbers. 
Like earlier investigators (2, 13) we found no indication of lead or gold 
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Pulse height per unit energy 


90,5 —39 20-50 ~ 100 200 300 
Photon energy keV 


Diagram 1. Observed pulse height per unit energy versus photon 
energy. The solid line corresponds to ENGELKEMEIR’s results with 
a 1.5” diameter by 1” long crystal and RCA 5819, and the dashed 
line to 1.22” diameter by 0.12” long crystal and DuMont 6292. 


K roentgen lines in the recorded spectra. The crystal used was 37 mm in 
diameter by 27 mm long, the aluminium crystal container had a 0.22 mm 
thick window, and MgO was used as a reflector. The crystal was mounted 
on a DuMont 6292 photomultiplier and the crystal assembly was placed 
inside a spherical lead shield, 22 cm in diameter. The pulses from the 
photomultiplier were amplified and analysed with a single-channel pulse 
analyser. 

A convenient counting rate was secured by placing the roentgen tube 
and the detector about 8 m apart; at such a distance the absorption in 
the air is rather large for the low energy photons and in order to diminish 
this disturbance a perspex tube, 6.8 m long and 5 cm in diameter, and 
evacuated to an air pressure of 20 mm Hg, was used when studying the 
primary radiation from the Rotalix tube. The ends of the evacuated tube 
were fitted with a lead collimator, the hole being covered with plastic 
foils. The crystal could “see” the whole roentgen focus but not the irra- 
diated part of the perspex tube. Thus no secondary radiation from the 
wall of the evacuated tube could reach the detector. 


Experiment 


The channel width of the analyser was measured several times during 
each experiment with a linear precision pulser and energy calibration 
was performed by using the gamma and roentgen lines of Hg?** and Ce™. 
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4 Table 2 


Roentgen ray filters used in the present investigation 


| - . Tube potential Filter material and 
Filter No kV thickness mm 
1 100 Al 1.67 
Cu 0.87 
2 140 Al 1.67 
Cu 1.98 
3 170 Al 1.67 
Cu 0.50 
Cd 1.08 
4 220 Al 1.32 
Cu 2.07 
Cd 1.10 
Pb 0.50 
5 250 Al 1.32 
Cu 2.07 
Cd 1.10 
) Pb 1.34 


The calibration curve showed some curvature below 100 keV. ENGEL- 
KEMEIR recently reported a similar deviation from linearity for different 
crystals and photomultipliers and in order to compare our results with 
his the photomultiplier pulse was compared with the pulse from a linear 
pulser; the pulse height corresponding to a photopeak could thus be 
an measured accurately. In Diagram 1 the pulse height per unit energy is 
plotted against photon energy. The data are referable to unity at 134 keV. 
A linear response would produce the straight line parallel to the energy 


oe 


fis axis. Variation in the integral counting rate between 600 and 3,000 counts 
. per second was not found to have any effect on the pulse height. During 
h the experiments the integral counting rate was kept between 700 and 
d 3 1,800 counts per second. The energy resolution of the spectrometer 
a corresponded to half-widths of 16 % at 81 keV and 9.6 % at 279 keV. 
2 Spectra of unfiltered roentgen rays were measured at tube potentials 
a of 45, 75, 100, 140, 170, 220, and 250 kV. 


Table 2 gives the filter combinations used at different tube potentials. 
The contribution of characteristic radiation was diminished by mounting 
the filters with the aluminium facing the spectrometer. The cadmium 
and copper in filters Nos. 4 and 5 are added in order to smooth the effect 
of the absorption edge of lead at 88 keV on the photon distribution of 
the penetrating roentgen rays. 
ig The first and second half value layers of the unfiltered and filtered 
radiation from the MG 300 were measured by means of a Philips dosemeter. 
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15 


170 kV 


5 


ro) 


Correction factor 


| 
% 50 100 150. 200 


Photon energy keV 
Diagram 2. Correction factor according to equation (5) for 170 kV 


spectra. Filled circles correspond to filtered radiation, open circles to 
unfiltered, 


Copper plates were used as attenuators and placed half-way between the 
tube target and ionization chamber in order to minimize the effect of 
the secondary radiation. The factor of homogeneity (h) of the radiation 
is defined as the ratio between the second and first half value layer (9). 
For monochromatic gamma rays, ‘h’ is equal to unity. For a continuous 
spectrum, the two first half value layers and the upper limit of the photon 
energy give a fairly good indication of the photon distribution. 


Corrections. The channel width of the analyser measured in keV will vary with pulse 
height through the non-linear response of the spectrometer to photons. The pulse height 
distribution must be corrected for this effect. The correction factor is inversely propor- 
tional to the derivative of the photon energy versus pulse height calibration curve, which 
could be regarded as a parabola in the low energy region up to about 134 keV (Ce™) 
and then as a straight line. The equation of such a parabola was calculated from energy 
calibration data. At 134 keV the derivative of the parabola and of the straight line differed 
from each other by about 2 °(,; this discontinuity was smoothed graphically. The channel 
width at 30 and 80 keV was found to be smaller than that above 134 keV by factors of 
1.15 and 1.06, respectively. 

The pulse distributions corrected for this effect were transformed into photon spectra 
taking into account the crystal efficiency, the escape of iodine K roentgen rays, the 
Compton effect, and the spectrometer resolution. The background had no appreciable 
influence. 

The pulse distribution P*(g), 7, e. the number of pulses with heights within the 
interval e¢ to e + de produced.by unfiltered roentgen radiation obtained with tube 
potentials above 100 kV was divided into two parts: 


P¥(e) = P(e) + Px(e) (1) 
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| Diagram 3. Corrected experimental spectra 
} | of unfiltered radiation from a Rotalix tube 
Is ‘ | with an inherent filtration of 0.7 mm Al (45 
ane r | and 75 kV) and MG 300, 4 mm Al (100 to 
Photon energy kev 
ich 
144) 
rgy where P(e) is the distribution resulting from the continuous bremsstrahlung and Px(e) 
red is due to the tungsten K roentgen rays. 
nel Px(e) consists of a photopeak in the 60 keV region and the corresponding escape 
s of peak 29 keV below. The tungsten K, and Kg lines were not separated. The photopeak 
was determined graphically from the peak in the measured pulse distribution and with 
etra knowledge of the iodine K roentgen escape fraction the distribution Px(e) was readily 
the calculated. P(e) is then given by the pulse distribution remaining after subtraction of 
able Px(e) from the observed P*(e). 
The relation between a continuous photon spectrum N(k) and the corresponding pulse 
the height distribution P(e) is given by the following equation: 
ube k 
Pe) =| K(k, — N(R 
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Diagram 4, The number of tungsten K-photons per total number of photons 
versus tube voltage. 


where e is the pulse height, k the photon energy, K(k, &) the response function of the 
spectrometer, 4 the total absorption coefficient of the crystal material and L the thick- 
ness of the crystal. As described by StaRFELT and Kocu (11, 12) the integral with respect 
to k in the above relation can be rewritten as a sum of » integrals over the energy intervals, 
Ak; (1 < i <n). Subsequent integration over the corresponding pulse height intervals, 


Ae; (1 <j <n), results in a system of n simultaneous equations with n unknowns | N(k)dk. 
Ak; 
In cases where the variation of N(k) and P(e), respectively, within an interval Ak; 
or Ag; is not too large N(k) and P(e) can be taken outside the integrals and the system 
of equations can be represented by a matrix equation 


[P(e)] = M-[N(h)] (3) 


where [P(e)] and [N(k)] are one-column-matrices containing 46 elements each and M 
a square matrix of order 46 with the elements 


Jae dk 
(4) 


Mj= Ae Ake 
Ae; 


The calculation of the response function K(k, €) was made in a way similar to that used 
by SrarFELT and CepERLUND. As pointed out by KEL.ey et coll. the half width of the 
photopeak does not vary proportionally with the square root of the photon energy. 
The values used in the matrix were determined experimentally and were in agreement 
with those of reference (7). 

Equation (3) was solved by successive approximations. A first approximation N,(h) 
was estimated; with the aid of an automatic computer (SMIL, Lund), N,(’) was mul- 
tiplied by the matrix, M, giving P(e). As next approximation the computer used N,(k) 
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= N,(k) + P(e) — P,(e) and so on. Each distribution N,(k) formed by the computer 
was typed out and irregularities in N,(k) were then corrected by hand before the following 
matrix multiplication was performed. In general only two steps were necessary for an 
agreement between P,(e) and P(e) within two per cent. 

The tungsten K roentgen ray distribution Px(e) was corrected to give Nx(k). Owing 
to the limited resolution of the spectrometer, the correction of Px(e) did not include 
energy resolution. The final correction factor N/P (Diagram 2) for the measured pulse 
height distribution P*(e) was given by the equation: 


N(k) + Nx(h) 


P + Px(e) (9) 


The spectra obtained in this manner were corrected for absorption in the air and in the 
aluminium window of the detector. 


Table 3 


Characteristics of the spectra of the filtered radiation 


Tube Filter Energy of max Spread at half height 
tate No photon intensity 

6 : in keV keV % 

100 1 63 —10 +20 48 
140 2 89 —31 +30 69 
170 3 116 —32 +32 55 
220 4 161 —37 +38 47 
250 5 195 —42 +32 38 

Table 4 


Experimental half value layers in mm copper and homogeneity factor for unfiltered and 
filtered radiation, E being the energy of monochromatic radiation with the same HVL 


Tube Tube 

vol- vol- Fil- 

tage |1 HVL| E, |2HVL] E, h tage ter |1 HVL| E, |2HVL| E, h 
in keV keV in No keV keV 

kV kV , 

100 0.19 42 0.34 53 | 1.8 100 1 0.59 65 | 0.67 68 | 1.14 
140 0.30 51 0.64 67 | 2.1 140 2 1.24 87 | 1.57 97 | 1.27 
170 0.39 55 0.82 73 | 2.1 170 3 2.24 115 | 2.52 122 | 1.13 
220 0.55 63 1.40 92 | 2.5 220 4 3.9 162 | 4.02 166 | 1.03 
250 0.65 67 1.84 104 | 2.8 250 5 4.8 193 | 4.94 199 | 1.03 
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Diagram 5. Spectra of filtered radiation from MG 300. The aluminium equivalence of the tube window 
was 4 mm. The filter combinations are given in Table 2. Filled circles and triangles represent measured 
spectra; open circles and triangles, calculated spectra. 


Results and Discussion 


Diagram 3 shows the corrected experimental spectra of the unfil- 
tered radiation. The contribution of the tungsten K-peak increases with 
tube voltage. The ratio between K-photons and total number of roentgen 
photons is plotted against tube voltage in Diagram 4. Diagram 5 shows 
spectra of the filtered radiation; for comparison the spectra of the filtered 
radiation were calculated from the spectra measured without filters, use 
being made of absorption coefficients from White’s tables (16). These 
results are represented by open circles and open triangles. The slight 
discrepancies between the calculated and the experimental spectra can 
be explained mainly by small errors in energy calibration. The fairly 
good agreement shows that it is possible to calculate spectra of other 
filtrations from those of unfiltered radiation. In the 140 kV spectrum, the 
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Diagram 6. Potential wave form at 90 kV, 150 mA and 50 kV, 69 mA. 


tungsten K-peak is seen as a bump in the 60 keV region. The lead 
absorption edge is perceptible in spectra from filters Nos. 4 and 5. 
On account of the limited resolution of the spectrometer the discon- 
tinuity is smoothed out in the experimental curves. The energies of maxi- 
mum photon intensities and the energy spread at half height are given in 
Table 3. 

The results of the half value layer measurements are shown in Table 4. 

For the unfiltered radiation the accuracy of the first HVL is about 
+ 3 % and of the second + 2 %, depending on some energy dependence 
of the dosemeter chamber used. The corresponding accuracies are + 2 
and + 1 % for the half value layers of filtered radiation. As expected, 
the homogeneity factor was close to unity for the filtered radiation. 
Although the spread at half height for filters Nos. 4 and 5 are 47 and 
38 °%, respectively, the h-factor is 1.03 + 0.03. 

The measurements described here were performed with a narrow beam. 
The use of a broad beam would involve the addition of a small amount 
of scattered radiation from the air. Most of the characteristic radiation 
from the filter materials is absorbed in the filter itself. 


Influence of pulsating tube voltage. The tube voltage wave form has 
some effect on the spectral shape. In comparison with the photon dis- 
tribution of the radiation from a tube operating at a constant potential, 
the intensity of photons of higher energy is less when the tube is run at 
a pulsating potential of the same peak voltage. The spectrum N of the 
radiation over a period 7 from a tube with varying voltage is related 
with the constant potential spectra N (V) by the equation: 

T 


N = (6) 
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Diagram 7. Spectral shape of the radiation from a 
tube running at 90 kV, 150 mA, and 50 kV, 69 mA. 
The corresponding voltage wave forms are shown 0 0 
in diagram 6. 0 25 50 5 100 

Photon energy keV 


where / (V), the weight factor, represents the tube current variation and 
V = V (t) the pulsating voltage. Because of the univocal relation be- 
tween photon energy and pulse height distribution equation (6) can be 
written as 


P= PV (7 
where P and P (V) are the corresponding pulse height distributions. 

Two spectra produced by the Heliophos-Tutomat roentgen generator 
at 50 and 90 kV were investigated. The voltage wave forms as shown in 
Diagram 6 correspond to tube currents of 69 and 150 mA, respectively. 
The current-voltage characteristic in the 30 to 100 kV region with pulsa- 
ting voltage was estimated to have approximately the same shape as the 
characteristic with a tube current of about 1 mA. On experimental de- 
termination of such a characteristic it was found that at 90 kV the tube 
current was 12 % higher than at 45 kV with the same filament current. 
The weight factor was calculated from these data. Pulse height distribu- 
tions corresponding to constant tube voltages were determined for eight 
potentials by running the tube at low current, at which the potential 
variations are negligible. With these values of P (V) equation (7) was 
solved by numerical integration. P calculated in this way was corrected 
according to equation (2). The results are shown in Diagram 7. The as- 
sumption concerning the current voltage characteristic introduces an in- 
accuracy in the spectrum. If the tube current is assumed to be constant 
and independent of the momentary potential across the tube, calculation 
shows that the peak photon intensity would be increased by 3 % in the 
90 kV and by 2 % in the 50 kV spectrum. 

The described method for obtaining the spectrum of the radiation 
from a tube operating at varying potential is generally applicable and 
was further simplified by the use of a multichannel analyser. With suitable 
exposure times and tube currents for the different voltages the analyser 
carried out the integration of equation (7). 
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SUMMARY 


A Nal(T1) scintillation spectrometer was used to study spectra of bremsstrahlung 
from thick tungsten target roentgen tubes operating at constant potentials between 25 
and 250 kV. The measured pulse height distributions were corrected with the aid of an 
automatic computer. The relative intensity of K roentgen radiation at different tube 
voltages was studied and spectra obtained with different filters were compared with those 
calculated from the corresponding measurements of the unfiltered radiation. A method 
was developed for deriving the shape of roentgen spectra produced by roentgen tubes 
operating at pulsating potentials of various wave forms. 


ZUSAMMENFASSUNG 


Ein NaJ(T1)-Schintillationsspektrometer ist fiir Studium der Spektren der Brems- 
strahlung von Réntgenréhren mit dicken Wolframanoden bei konstanten Accelerations- 
spannungen zwischen 25 und 250 kV beniitzt worden. Die gewonnene Impulshéhen- 
verteilung ist mit Hilfe einer Mathematikmaschine korrigiert worden. Die relative Inten- 
sitit der K-strahlung bei verschiedenen Réhrenspannungen ist studiert worden. Expe- 
rimentell gemessene Spektren filtrierter Strahlung sind mit aus entsprechenden 
Messungen unfiltrierter Strahlung berechneten Spektren verglichen worden. Eine Methode 
fiir Bestimmung von Spektren von Réntgenréhren mit variierender Spannung ist 
entwickelt worden. 


RESUME 


Un spectrométre a scintillation 4 Nal(T1) a été utilisé pour étudier les spectres de 
Bremsstrahlung (rayonnement de freinage) émis par des tubes roentgen 4 anticathode 
de tungsténe épaisse, fonctionnant A des potentiels constants entre 25 et 250 kV. Les 
distributions de hauteur d’impulsion mesurées ont été corrigées au moyen d’une calculatrice 
automatique. L’intensité relative de la radiation roentgen K a différents voltages du 
tube a été étudiée, et les spectres obtenus avec différents filtres ont été comparés avec 
les spectres calculés & partir des mesures correspondantes faites sur le rayonnement non 
filtré. L’auteur a mis au point une méthode permettant de déterminer la forme du 
spectre roentgen produit par des tubes roentgen fonctionnant sous des potentiels 
pulsatoires ayant diverses formes d’onde. 
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ROTATION THERAPY WITH A COBALT® UNIT 


III. Integration of the transmitted beam as a means of estimating 
tumour dose 


by 
M. A. Bullen and W. R. Inch 


The development of high energy sources of radiation and the introduc- 
tion of new radiotherapy techniques have made possible the delivery of a 
relatively higher proportion of the total integral dose to the tumour. 
With increasing information concerning the action of roentgen and y 
radiation on cells it is often considered desirable to make use of this 
possible increase in dose, in an attempt to produce a greater number of 
cures. Recent knowledge that many and perhaps most tumours have 
regions which are anoxic and thus extremely radioresistant challenges the 
efficacy of improving the cure rate by simply increasing the dose. It is 
not, however, the purpose of this paper to elaborate on this point; it 
suffices to say that, with the larger doses which are being given, a more 
accurate method for determining the proportion reaching the tumour is 
needed. 

It is well known that in calculating the quantity of radiation delivered 
to a point within the human body the greatest source of error results 
from the use of depth dose data obtained using unit density material; this 
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applies not only to doses within the thoracic cavity and sections containing 
inhomogeneities whose density is less than unity, but also to those hetero- 
geneous sections which contain media whose density is greater than one, 
e. g. head and pelvic region. When one considers that the density of 
mammalian tissues varies from approximately 0.25 (lung) to 1.85 (‘aver- 
age bone’) and the effective atomic number from approximately 6 (fat) 
to 14 (bone), this becomes more apparent (4, 9, 17). However, in the high 
voltage energy range, the absorption of energy per unit mass among the 
different tissues does not vary grossly (lying between 84 and 100 ergs/grm 
roentgen for photon energies between 200 keV and 14 MeV (9)). Because 
of this restraint on one of the variables controlling dose the problem 
becomes more a quantitative one, 7. e. the energy delivered to a point 
within the body by a beam of high-energy radiation will depend to a close 
extent on simply the total mass of the medium through which the beam 
passes. 

O’Connor (14) has made a critical examination of primary and scat- 
tered radiation for roentgen rays (HVL= 1.5 mm Cu). He used phantoms 
consisting of layers of various low density materials (wax, wood and wall 
board) which had the same effective atomic number, and showed that 
there was a general relationship between variation in scatter and the 
density and geometry of the system. This information was then employed 
to calculate scatter absorption factors for different densities and a method 
of arriving at doses in non-homogeneous bodies was outlined. It was also 
pointed out that in this energy region there is the possibility of the reduc- 
tion in scatter within the non-homogeneities being exactly balanced by 
the increased transmission of the primary beam. 

Recently BuRLIN (3) has carried out similar experiments using cobalt" 
y rays and a water phantom which contained volumes of air and 
sawdust. He found that scatter differences within such a heterogeneous 
phantom resulted in an under-estimation of dose varying from 0 to 12 % 
(both within and up to 6 cm behind the low density volume). The varia- 
tion was independent of the position of a given inhomogeneity within 
the phantom, and of the distance between source and phantom. Also it 
was noted that the lack of primary beam absorption in the lower density 
material became dominant over the decrease in scatter, approximately 
two centimetres inside the volume. In full 360° rotation the relative dosage 
fall-off from the centre of rotation in an asymmetrical non-homogeneous 
phantom, was found to be only slightly different from that in water. 
Hence, in this form of treatment it would appear acceptable to replace 
the non-homogeneous patient with his water equivalent outline. In 
practice the combination of both primary and scatter effects resulted in 
correction factors, for intrathoracic doses, ranging between 1.04 to 1.26. 
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Table 1 
Mean Rt based on / 
(Int. transit) / Mean Ret 
ee 10° transit Integrated Method of (Johns) 
dose transit dose Johns et coll. 
Thorax 0.732 0.726 0.641 1.13 
0.767 0.753 0.585 1.29 
0.704 0.702 0.574 1.22 
0.848 0.858 0.648 1.32 
0.620 0.650 0.572 1.14 
0.649 0.639 0.572 1.12 
0.610 0.597 0.537 1.11 
Head 0.702 0.700 0.710 0.99 
0.672 0.666 0.698 0.95 


Previously Jones et coll. (13) found that when the tumour was located 
fairly centrally in the treated section, “cobalt® isodoses’ calculated for 
circular cross sections could be applied to the patient’s actual outline. 

Thus it was concluded that for complete rotation with cobalt” gamma 
radiation one could substitute an equivalent circular water phantom for 
a non-homogeneous patient without introducing a large error in absolute 
dose, or distorting the dose distribution. The validity of the method which 
was developed depends on this assumption. Also, it was thought that a 
dosage technique which requires no special equipment, and which is easily 
applicable to routine treatment conditions using a normal clinical dose- 
meter, would be most useful and acceptable. 


Integrated transit dose 


An earlier method of tumour-dose correction based on transit-dose 
measurements developed in this clinic (15) required instantaneous readings 
of the transmitted dose rate at 10° intervals during the rotation cycle. 
From these values water-equivalent radii were calculated assuming a 
suitable value of absorption coefficient. The tumour dose was then 
determined, using these radii, by the normal method of Jouns et coll. 
(11). 

A simpler method of tumour-dose calculation is possible. The arithmetic 
mean value of the water-equivalent radii is determined, and the value 
of tumour-air-ratio corresponding to this mean radius is found from tabu- 
lated values (12). This procedure is only valid if the tumour-air-ratio/tissue 
depth relation is linear over the range of depths involved, and this is 
closely approximated for a number of the body sections and tumour sites 

26-—9583088. Acta Radiologica. Vol. 50. 
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that are appropriate. PFALZNER (15) has noted that the effective outlines 
found for 360° rotation of the thoracic cavity are always less elliptic than 
the actual outlines, and this fact permits the simplified method to be applied 
to many cases in which the ellipticity of the actual outlines appears 
excessive. 

In addition to this simplification of calculation an easier instrumental 
technique may be employed, in which the varying transmitted dose rate 
is integrated by a suitable dosemeter over one or more whole revolutions 
of the patient. 

In practice, the accumulating transit dose may be measured with a 
Victoreen dosemeter or, more conveniently, with a Baldwin-Farmer 
Sub-Standard dosemeter (6) which allows repeat measurements to be 
made without interruption of the treatment. A free-air reading is obtained 
with the ionisation chamber at the same position. 


If D and D, are the doses accruing, in the time for one revolution of 
the patient, during treatment and free-in-air respectively, then the equa- 
tion D/D,=e¥® defines the diameter 9 of a water cylinder equivalent to 
the patient, « being the appropriate linear absorption coefficient. 


For a cylindrical homogeneous phantom it is clear that the results of 
this type of integrated transit measurement will be identical to those 
obtained by instantaneous rate readings at, say, 10° rotation intervals, 
as in PFALZNER’s method. For non-cylindrical outlines it is not simple 
to show this identity mathematically. However, an experimental compari- 
son of the two methods on nine subjects (seven male and two female) 
undergoing rotation therapy showed close agreement in the resulting 
tumour-air-ratios. These values are shown in Table 1, which also lists the 
tumour-air-ratios determined by the method of Jouns et coll. from the 
patient’s physical outline. The difference between the latter values and 
the tumour-air-ratios determined from integrated transit dose measure- 
ments ranges from —6 % for the head to +32 °% for the thorax. 

It was felt that two related aspects of this technique needed further 
consideration: 1) the appropriate value of the absorption coefficient, 
and 2) whether transit dose measurements are a valid means of deter- 
mining a patient-equivalent mass of water (of necessarily different dimen- 
sions to the patient) irrespective of the patient’s individual geometry. 

To investigate these points a series of absorption measurements was 
carried out in different liquids under varying geometrical conditions, and 
a further series of phantom measurements determined experimentally 
the relations between tumour-air-ratios and transit-ratios. These latter 
relations led to a further technique of integrated transit-measurement 
correction of tumour dose. This is described in a later section, and is 
considered superior to either of the methods outlined above. 
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Absorption coefficient determinations 


Earlier methods of Co® transit dose calculations involved the use 
of a single linear absorption coefficient of about 0.06 cm™ for water. It is 
clear that variations in the proportion of scattered radiation reaching an 
ionisation chamber will alter the apparent absorption coefficient as de- 
duced from the readings of this chamber. It is also clear that the propor- 
tion of such scattered radiation will vary with the area of the beam, the 
distance of the measuring chamber from the exit surface of the phantom 
(termed ‘exit distance’), the location within the phantom of scattering 
material, and slightly with the size of the phantom. In normal radiotherapy 
this last factor may be neglected. The influences of these factors have been 
investigated by FEpoRvuK and JOHNS (7), who describe an elegant way of 
avoiding most of them. This method employs a focusing ionisation cham- 
ber that ‘sees’ only primary radiation. Where such a chamber is available 
transit dose techniques become relatively easy. However, such a chamber 
must inherently be considerably larger — for the same sensitivity — than 
a non-focusing chamber. It is also more sensitive to radiation scattered 
back from room walls and surrounding objects, and therefore must be 
heavily shielded. It would be convenient if reliable transit values could 
be obtained using a normal thimble-chamber dosemeter. Accordingly, 
measurements were undertaken to find out the effect on the absorption 
coefficient of the two most important of the above factors, namely, 
beam size and exit distance. 

A series of absorption measurements was carried out in which the 
gamma ray beam from an A.E.C.L. Model A cobalt® unit (8) was 
directed vertically downward through a variable depth of liquid contained 
in a perspex tank. The ionisation chamber of a Victoreen Model 510 dose- 
ratemeter was fitted with a perspex electron-equilibrium cap and was 
placed axially at known distances from the exit surface of the tank. 
For each beam size and ion-chamber exit-surface distance readings of 
dose rate with changing water depth were taken. The source-exit surface 
distance was kept constant throughout the series. For good experimental 
accuracy a spot galvanometer (Cambridge Instrument Co. Model 41159/3, 
with 16 cm scale length) was driven from the dose-rate meter via a poten- 
tiometer, the circuit being arranged for constant galvanometer damping 
resistance. With this technique the galvanometer could be set to full 
scale for any value of the dose-ratemeter reading, and so functioned as a 
direct reading per cent transmission indicator. 

Due to the large number of readings involved it was essential to con- 
trol and measure the depth of the absorbing liquid remotely from the 
tank at the working station outside the treatment room. This remote 
measurement proved unexpectedly difficult and various techniques were 
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: tried. The final method (1) was 
bs00 based on the change with liquid 
| ae depth of the capacitance of a 
multiple-plate condenser stand- 
ing in the liquid, which thus 

A formed part of the dielectric. 
ia This condenser was part of a 
ree i, resonant circuit and capacitance 


CAPACITANCE (of.) 


radiofrequency Q-meter opera- 

ting at 80 kec’s. The relation 

Diagram 1. Remote depth-measurement system. between capacitance and liquid 

Typical calibration curve for water. depth may be linear or non- 

linear as desired, depending 

on the inclination of the condenser plates. A typical calibration curve 

is shown in Diagram 1, in which the Q-meter capacitance is plotted 

against liquid depth. The method yielded a depth accuracy of better than 

1 mm, and was employed over the range 2 to 25 cm for both conduc ‘ting 
and insulating liquids. 

Typical absorption curves are shown for water in Diagram 2. With small 
beam sizes and large exit distances (Diagram 2c) the relation between 
transmitted dose rate and water thickness is strictly logarithmic over 
the full range of thicknesses used (2 to 25 cm). For large fields and small exit 
distances (Diagram 2a) a single exponential relation is only achieved at 
depths greater than about 10 cm. Medium conditions are shown in Dia- 
gram 2b. 

In rotation therapy the thicknesses and exit distances involved are 
such that the working point lies on the straight region of the absorption 
curves. The slope of this region was determined for each condition in- 
vestigated, and is the effective absorption coefficient for that condition. 
The relation between this coefficient and exit distance is shown for water 
in Diagram 3 for four field sizes. As expected, the curves converge towards 
a common limit y, for large exit distances, this value of 0.065 cm~' being 
the true absorption coefficient for a radiation beam of zero area. This 
agrees well with the value of 0.066 em~’ found by Jouns et coll. (10). 

It is clear that transit dose calculations of equivalent water thickness 
must employ a value of « appropriate to the actual conditions of transit 
measurement, particularly for larger fields and short exit distances. 
Alternatively, correction factors can be derived from the data of Diagram 
3 for equivalent thicknesses calculated from the true absorption coef- 
ficient »,. This procedure is detailed in a later section. 

The full series of absorption measurements was repeated with petrol, 
and additional readings were taken with ethy] alcohol. These were possible 


changes were measured by a 
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Diagram 2. Variation of shape of Co® water absorption curve with varying beam size and exit distance. 
a) beam size 1818 cm, exit distance 4.3 cm 
b) beam size 14x14 em, exit distance 23.0 cm 
c) beam size 66 cm, exit distance 60.0 cm 
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Diagrams 3 and 4. Variation of the effective Co® absorption coefficient of water (left) and of petrol 
(right) with beam area and exit distance. 


liquids (of density less than unity and whose mean atomic number was 
considered to be close to that of water) for transit dose experiments with 
liquids of different densities. The relation between effective absorption 
coefficient and exit distance for petrol is shown in Diagram 4. The limiting 
values of « for the four field sizes are the same within experimental error. 
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Table 2 shows for water, petrol and ethyl alcohol the values of the mean 
primary absorption coefficient », and the measured density @. The - 
density/absorption coefficient ratio for these three liquids are equal, 
confirming that the absorption properties of petrol and alcohol relative 
to water at 1 MeV are simply proportional to the density. 


0. 
Table 2 
fo (em™) (grmiec) Ratio ) 
0.0530 0.805 15.2 Ry 


Transit-ratio/Tumour-air-ratio relations 


PFALZNER (15) has used transit-ratio measurements to produce a 
contour of water which is equivalent to the patient. This contour will, for 
thoracic irradiation, be considerably smaller than the physical outline. 
An alternative contour equivalent to the patient could be postulated in 
terms of a liquid of density less than unity whose mean atomic number | , 
approximates that of water. With a suitable value of density, this contour 
would be similar in dimensions to the physical outline, but of different 
shape. It was suggested that scatter variations might result in significant | 
differences in the doses recorded in similar phantoms of the same effective D 
atomic number and mass, but differing in density and physical size. The 
results described in the previous section show that the primary absorption 
coefficients of petrol and ethyl alcohol relative to water are accurately 
proportional to density at 1 MeV. Accordingly simultaneous measurements 
of transit-ratio and tumour-air-ratio were made for four field sizes, using 
a range of phantoms filled in turn with water, petrol and ethyl alcohol. 
The results would show whether a unique transit-ratio/tumour-air-ratio 
relation exists (for a given field size) for these three materials of densities 
of 1.00, 0.75 and 0.81. 


oO 


Apparatus. Five cylindrical perspex phantoms with outer diameters of 16.3, 20.6, 
25.8, 29.4 and 35.5 em were used. The walls of the phantoms were either 0.50 or 0.63 em 
thick, and were allowed for in calculating the total equivalent thickness of liquid. The 
gamma ray beam from the cobalt unit (8) was directed horizontally and centrally normal 
to the phantom axis. The field sizes quoted are the sizes at the midpoint of the phantom. 
Experimental conditions were thus closely similar to those of the circumaxial rotation 
therapy routinely carried out in this clinic (16). Tumour-air-ratios were measured with a 
Baldwin-Farmer Sub-Standard dosemeter (the tumour chamber), its thimble being placed 
centrally at the intersection of the axes of the phantom cylinder and the radiation beam. 
The source/tumour chamber distance was kept constant at 95 cm. A close fitting tubular 
perspex sheath 23 cm in length was made for the thimble and stem of the dosemeter, the 


ROTATION THERAPY WITH A COBALT®® UNIT 403 
' walls being 3 mm thick over the thimble 


itself. This sheath was kept in position 
at all times, functioning as an electron 
equilibrium cap for in-air readings, and 
as a liquid tight sheath for immersed 
readings. Thimble conditions were thus 
constant. 

Transit-ratios were measured with 
a Victoreen Model 510 ratemeter driving 
a Cambridge Model 41159/3 galvano- 
meter as described previously. This 
ionisation chamber (the transit cham- 
ber) was fitted with a simple perspex 
electron equilibrium cap. The distance 
between the tumour and transit cham- 
bers was kept constant at 120 cm, and 
the transit chamber-exit surface dis- 
tance was noted for all phantoms. The 
depth of the tumour chamber below the 
incident surface was measured along 
the beam axis in all cases. 


Calibration. Supplementary experi- 
10x10 ments were needed to obtain calibration 
data for the tumour chamber. This had 

6x6 
been calibrated in air under standard 
5 10 15 20 conditions, and the resulting correction 
 - factor would not necessarily apply for 
Diagram 5. Experimental and calculated tumour- phantom readings. Preliminary work 
air ratios (Rr) versus water depth. with one Victoreen 25 r chamber had 
shown a drop of 3°% in its calibration 
correction factor when exposed 12 cm deep in a water phantom with a 10x10 
em cobalt®’ beam, and this drop varied with beam area and phantom depth. 
This effect is presumably due to the presence of the heavy brass chamber stem 
causing changes in the multiple-scattered radiation distribution. It was thought that the 
Baldwin chamber, with its smaller and lighter stem, would show less of this effect. 
Comparative phantom measurements were made between the Baldwin chamber and 
a small probe ionisation dose ratemeter (5). No divergence was found. In confirmation, 
a dummy of the Baldwin chamber stem was made that could be supported coaxially 
in contact with the free end of the thimble chamber. Thus any scatter effects of the 
actual stem would be doubled. Phantom measurements were made with and without 
this dummy stem. No differences were found, showing that a common calibration factor 


may be used for phantom and in-air measurements for Co* radiation with this 
instrument. 


040 


Technique. Free air readings of both tumour and transit chambers were taken for 
each of the four chosen field sizes. Direct galvanometer rate readings were used for the 
transit chamber. Doses received by the tumour chamber in timed intervals, with the cobalt 
unit running steadily, were noted, and the corresponding rates calculated. Normal timer- 
controlled exposures were inaccurate due to the finite and variable effective dead time 
of the shutter of the cobalt unit. Readings of both chambers were taken in this manner 
with each of the five cylindrical phantoms in turn set coaxially with the tumour chamber. 
Caliper measurements of the tumour chamber depth were taken for each phantom. 
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Results 
Tumour-air-ratios (R,) are 
plotted for water in Diagram 5 
for field sizes (at the phantom ° — PETROL 
midpoint) of 6 x6, 1010, 14« 14 
and 18x18 cm. Experimental 


points are shown relative to the 
values calculated by JoHNs et — oa} 
coll. (12). Agreement is good. It 
should be noted that the experi- 
mental points were taken with 9 
cylindrical phantoms, whereas 
the calculated values refer to a 
flat incident surface. Calculated 6 
values can therefore be used — 

with confidence for axial points, 
for curved incident surfaces even 
when field and phantom diameters become comparable, at any rate for 
centrally directed fields. 

Transit results are shown in Diagram 6 in which both experimental 
and calculated primary transit-ratios (7) are plotted against tumour 
depth (7. e. phantom radius in this case of homogeneous central symmetry) 
for water and petrol. For the latter medium, equivalent water radii have 
been plotted, corrected from the physical radii by the ratio of the densities. 
The primary transit-ratio 7, is defined by the equation 7,=J/I,= 
exp —2u.d, where I, and I are the free-in-air and transmitted dose rates 
(as measured by an ion chamber which only receives primary radiation), 
#. is the primary absorption coefficient for water, and d is the tumour 
depth — midway between entrance and exit surfaces in this case. 

The theoretical curve in Diagram 6 has been calculated from this 
equation using the value of 0.065 em™ for yw, as found from absorption 
measurements. Experimentally some other transit-ratio T will be observed, 
unless the ion chamber geometry is good, or a focusing-type chamber 
is used. 7 will be larger than 7, due to the additional scattered radiation 
recorded. The true primary transit-ratio T,, may be derived from T by the 
relation 7, = T xf, where the correction factor f = exp — 2d x(u, — yp). wis 
the effective absorption coefficient appropriate to the field size and transit 
chamber—exit surface distance used, and varies as shown in Diagram 3. 
The primary transit-ratios shown in Diagram 6 were obtained by correc- 
ting the experimentally observed values of T in the above manner. 
Agreement with the calculated curve is good. 


Diagram 6. Experimental and calculated primary 
transit ratios (7'o) versus phantom radius (d). 
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10 
{ 
10/10 
0.90F 0.90 4 
14/20 
| 14 { 
0.80) 1 1 1 1 1 2 i 0.80- 18/20 
30 100d 
Exit distance in cm { 
Diagrams 7 and 8. Variation of transit ratio correc- > 
tion factor (f) with exit distance for central field 18/30 
sizes of 6 x 6 and 14 14 em (above) and of 10 x 10 — oe P 
and 18x18 em (diagram to the right), respec- 0.7 0 a 50 100 ¢ 
tively, and phantom thicknesses of 10, 20 and 
30 em. Exit distance in cm 


Diagrams 7 and 8 are calculated from the data of Diagram 3 and show 
values of the transit-ratio correction factor / for field sizes (at the phantom 
midpoint) of 6 x 6, 10 x 10, 14 x 14 and 18 x 18 cm, phantom thicknesses of 
10, 20 and 30 cm, and exit distances within the range 10 to 100 cm. This 
method of transit-ratio correction allows primary transit ratios to be 
determined correctly using an ordinary clinical dosemeter and, moreover, 
the thimble chamber of such a dosemeter may be placed at a reasonable 
exit distance. This avoids the difficulties of low radiation dose rate that 
are encountered when primary conditions are achieved by working at a 
large exit distance. 

Diagram 9 shows the relationship between the primary transit-ratio 
T, and the tumour-air-ratio (for a central tumour) R,. Calculated curves 
are shown in comparison with experimental points for petrol, alcohol 
and water. Calculated values of R, are taken from Jouns et coll. (12). 
Calculated values of 7, are based on a value of yu, of 0.065 cm‘. There 
is satisfactory agreement with the experimental points, showing that 
there is (for a given field size) a unique relation between primary transit- 
ratio and tumour-air-ratio for homogeneous phantoms with density 
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0.6 
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Diagram 9. Comparison of calculated primary transit-ratio 

(7'o) tumour-air-ratio (R,) relations with experimental values for 

water, alcohol and petrol. For clarity experimental points are 
only shown for 6x6 and 10 10 em fields. 


extremes of 1.00 and 0.75. Our results are in good agreement with those of 
Feporvuk and Jouns (7), who tabulate the 7,,/R, relation for fourteen 
different field sizes. These tabulated values may therefore be used with 
confidence whenever a focusing ion chamber is not available or is incon- 
venient, providing that the transit-ratios as observed by a simple thimble- 
chamber clinical dosemeter are corrected to primary radiation conditions 
in the manner outlined above. 


Discussion 


This technique can be applied to tumour sites that are reasonably 
central. Feporuk and Jouns (7) and PraLzNerR (15) point out that one 
should, strictly, average the tumour-air-ratios for the two distances from 
the entrance point to the centre of rotation for 180° opposite positions, 
but that in practice it is good enough to obtain the tumour-air-ratio for a 
depth equal to half the total thickness. This approximation will become 
unacceptable when the tumour eccentricity reaches a certain value. 
More work is necessary to evaluate this limit. FEporuK and Jouns also 
point out that a curve of tumour-air-ratio versus angular position of the 
patient may be obtained from the transit readings and the tabulated 
T./R, relations, and that the average tumour-air-ratio used in calculating 
treatment time is obtained by taking the area under this curve, 7. ¢. 
averaging over one rotation cycle. It is clear that the tumour dose delivered 
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is given by the time integral of R,. If, therefore, this integration could be 
performed instrumentally, a direct indication of accumulating tumour 
dose would be available as rotational treatment proceeds. A simple 
extension of this practice would be the automatic termination of the 
treatment when a preset value of tumour dose is reached. This attractive 
possibility would have a number of advantages. For example, many 
patients alter in weight, with a consequent change in tumour dosage 
during the course of treatment. This change is seldom allowed for at 
present, and would be automatically eliminated. The possibility of this 
technique rests on two things: 1) the validity of integrating 7, with 
time as a measure of the time-integral of R,, and 2) the availability of a 
suitable integrator. 


1. If the 7,/R, relation were linear, integration of 7, would be (with 
suitable calibration) a reliable measure of tumour dose. This is, however, 
not so, the relationship being of the form 7, 4 exp (kR, + B), where k 
and B are constants that vary with field size. This relation could be simu- 
lated by an amplifier, but not simply. Fortunately the range of variation 
of 7, during rotation of any given patient is limited, for example 0.15< 
T, < 0.40 would be typical for a thoracic Co” rotation. Substitution of 
a linear approximation for the logarithmic 7,/R, relation would be possible 
without serious error. For example, this procedure for a 6 x 6 cm field over 
the above range of 7, yielded errors of individual values of R, within the 


range + 2 %, and these small errors would partly cancel over one rotation 
cycle. 


2. As shown in an earlier section, integrated transit readings can be 
obtained satisfactorily with a dosemeter of, say, the Victoreen or Baldwin- 
Farmer type. Such instruments are not, however, sufficiently versatile 
for the fullest exploitation of transit dose techniques. An acceptable 
integrator should be stable and free from drift, direct-reading, instantly 
resettable, linear over a suitably wide range, and capable of providing a 
signal when the integral reaches any pre-selected value. A photoelectric 
mechanical integrator with these properties has been developed (2) and 
has already been applied in preliminary direct measurements of R, at 
eccentric tumour sites during phantom rotations. Thus, with suitable 
calibration techniques tumour-dose controlled rotation treatments would 
appear entirely feasible. 


Finally, it should be noted that the measurements and techniques 
described all apply to homogeneous media and rotation therapy. In fixed- 
field therapy similar techniques could be applied to parallel opposed 
pairs of fields. Dosage errors still remain, of course, as a result of inhomo- 
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geneity. However, the errors due to tissues of density less than unity may 
be as high as 32 % in thoracic treatments, so that dosage determinations 
based on simple transit measurements are a great improvement on 
conventional methods. Further improvement is possible in cases where 
the anatomical details of inhomogeneity can be taken into account. 
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SUMMARY 


Integrated transit dose measurements are discussed for Co radiation therapy. 
Experimental absorption data for Co gamma radiation in water, petrol and ethyl alcohol 
is presented, together with transit-ratio correction factors derived from this data. These 
factors compensate for recorded scatter, and allow true primary transit-ratios to be deter- 
mined using a simple clinical dosemeter. Experimental relations between transit-ratio 
and tumour-air-ratio for homogeneous phantoms of water, petrol and ethyl alcohol are 
given and are in good agreement with calculated data. The possibility of tumour-dose 
controlled treatments through integrated transit measurements is discussed. 


ZUSAMMENFASSUNG 


Messungen integrierter Durchgangsdosen fiir die Co®-Rotationstherapie werden 
diskutiert. Experimentelle Absorptionsdaten fiir Co®-Strahlung in Wasser, Benzin und 
Aethylalkohol werden vorgelegt, zusammen mit Korrektionsfaktoren fiir Transitmessungen, 
welche von den Absorptionsdaten abgeleitet worden sind. Die Faktoren kompensieren 
fiir gemessene Streustrahlung und gestatten es, richtige primaére Durchgangsverhiltnisse 
mit einem einfachen klinischen Dosimeter zu bestimmen. Experimentelle Beziehungen 
zwischen der Durchgangsratio und der Tumor-Luftratio fiir homogene Phantome von 
Wasser, Benzin und Aethylalkohol werden vorgelegt und stimmen mit berechneten 
Werten gut iiberein. Die Méglichkeit, die Tumordosis wihrend der Behandlung mit 
Hilfe von integrierten Durchgangsmessungen zu kontrollieren, wird besprochen. 
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RESUME 


Les auteurs ont étudié les mesures de doses de transit intégrées pour la thérapie rota- 


toire au cobalt®. Ils présentent les résultats expérimentaux concernant l’absorption des 
radiations gamma du Co dans l’eau, le benzine et l’alcool éthylique, ainsi que les facteurs 
de correction du rapport de transit, calculés d’aprés ces résultats. Ces facteurs compensent 
la diffusion mesurée et permettent de déterminer les rapports de transit primaires exacts 
au moyen d'un simple dosimétre clinique. Les auteurs indiquent les corrélations expérimen- 
tales entre le rapport de transit et le rapport tumeur-air pour des fantCmes homogeénes 
d'eau, de pétrole et d’alcoole éthylique; elles sont en bon accord avec les résultats du 
calcul. La possibilité de traitements avec une dose-tumeur contrélée par des mesures 
intégrées de la dose de transit est étudiée. 
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BOOK REVIEWS 


LEUKAEMIA AND APLASTIC ANAEMIA IN PATIENTS IRRADIATED FOR ANKYLOSING SPONDY- 
uitis. By W. M. Court-Brown and R. Doll. Medical Research Council Special Re- 
port Series No. 295. Published by Her Majesty’s Stationery Office, London 1958, 
Price: 10s. 6d. 


The greatly increased number of deaths from leukaemia during the past 70 years 
has been considered with reference to ionizing radiation since an elevated leukaemia 
incidence has been observed among the Nagasaki-Hiroshima survivors. 

The purpose of the studies was to investigate the incidence of leukaemia and aplastic 
anaemia after radiologic therapy and to establish the relation between the incidence, 
if any. and the dose given. Cases of ankylosing spondylitis (Morbus Bechterew) under 
roentgen therapy were selected as the material. The reason for the selection of this par- 
ticular disease is not stated. 

A series of 13,352 cases treated during the period from 1935 to 1954 was collected 
from 81 different radiotherapeutic centres. All cases diagnosed as ankylosing spondylitis 
were analyzed. The deaths from leukaemia were established by examination of the in- 
dividual case histories and by collation with data on deaths from leukaemia or aplas- 
tic anaemia obtained from the Registrars General of the United Kingdom. The calculated 
leukaemia mortality for each year was also obtainable from the register. ‘The size of 
the population at risk’ was determined separately for the sexes for each 5-year age 
group and each year from 1935 to 1954. 

The first main section of the work deals with the incidence. In the period from 
1935 to 1954, 25 definite cases of leukaemia (Group A) were observed as opposed to the 
2.4 maximum of cases expected. In addition there were 20 probable cases (Group B) 
in which ‘the balance of evidence suggests that leukaemia is the most likely diagnosis, 
but the diagnosis is not proven’. It was possible to retain the diagnosis of aplastic anaemia 
in only 4 cases. The figures for the leukaemia incidence are said to be in all probability 
low, as 52 per cent of the material was not followed up during 1955 and 19 per cent was 
lost sight of after 1950. The leukaemia incidence was three times as high in men as in 
women. As a rule, the female patients had probably received smaller doses. Age differ- 
ences were demonstrated; while the incidence of leukaemia in patients under 25 years 
of age was 1.1 per 1,000, in patients 55 years of age or older it was 5.6. The time interval 
between therapy and the onset of leukaemia was usually impossible to establish since 
the radiotherapy had been given in separate courses at long intervals. In 10 cases treated 
for short periods the onset of leukaemia usually occurred after 36 to 59 months, in no 
case before 24 or after 60 months. (In Hiroshima survivors leukaemia has appeared even 
after 10 years.) In 3 cases leukaemia was demonstrated shortly after the start of therapy; 
in these cases it was assumed that the blood disease was present before the treatment was 
instituted. 

Eight cases were observed in which there had clearly been no radiotherapy and in 
which leukaemia had been diagnosed as the cause of death at the respective hospitals. 
In a few of these cases, however, the diagnosis was questioned by the experts. 
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The risk of aplastic anaemia after radiotherapy for ankylosing spondylitis appeared 
to be slight. In one or more of the few cases observed the patient had also received amido- 
rine. 
, The writers were able to demonstrate an increased incidence of all leukaemia types, 
but least for the lymphatic type, in patients who had received radiotherapy for an- 
kylosing spondylitis. For various reasons they consider this increase due to the radio- 
therapy. The untreated material was too limited to give definite information on the 
leukaemia incidence in the ‘natural history’ of spondylitis. Nine cases of coincidence 
are known. The writers maintain that they have demonstrated differences in cell types 
in leukaemia in the treated and untreated groups. Their conclusion is that ‘it is reason- 
able, therefore, to ascribe the majority, if not all, of the excess deaths from leukaemia 
observed in the present investigation to the effects of such radiations’. 

The second main section of the work is directed at determining the relation between 
the demonstrated excess of deaths from leukaemia and the dose given. In every sixth . q 
case in the male material of 11,287 cases a dosage analysis was performed. The mean 
dose to the spinal marrow was determined by means of physical measurements on phan- 
toms. 

A leukaemia incidence curve computed by different means showed an increase in the | 
incidence from 0.5 per year per 10,000 men without treatment to 72 per 10,000 after a g 
dose of 2,250 r. With smaller doses the curve is approximately a straight line, with larger a 
doses increasingly steep. No grounds were obtained for assuming the existence of a thresh- 
old. The results indicate an increase of 0.49 cases per year per 10,000 men from a mean 
spinal marrow dose of 94 r. The degree of fractionation of the doses is probably without i 
great significance. Since from one-third to one-half the active bone marrow is found in 
the vertebrae, 30 to 50 r administered to the whole body would have the same effect 
as 94 r to the vertebrae, 7. e. double the leukaemia incidence. 

If there is no threshold for the leukaemogenic effect of irradiation, even diagnostic 
roentgen doses would involve a certain risk. (According to a recent report, Stewart et 
coll. (Lancet 1956: II, p. 447) even the small doses the foetus receives in examination 
of the mother’s abdomen are leukaemogenic.) The writers assume that in a certain 
number of cases of leukaemia the disease is provoked by background irradiation, which 
in adult Englishmen would be 5 r to the marrow. 

The seriousness and significance of these results are emphasized by the writers as 
they point out that from 17 to 18 million diagnostic roentgen examinations are carried 
out yearly in England, with the yearly increase in the number of examinations calcula- 
ted as being 12 per cent. 

Despite the broad scope of this work and the tremendous resources available to the 
writers, certain objections and queries may be raised. 

Is the marked increase in the number of leukaemia cases in England from 1931 to 
1954 a true increase? It should be noted that sternal puncture was introduced there about 
1933, and then only to a limited extent. 

The aetiology of ankylosing spondylitis is, as the writers also point out, incompletely 
known. Is it not possible that these patients are more sensitive to the leukaemogenic 
effect of irradiation than others? 

It is clearly apparent that blood investigations were not carried out in all cases be- 
fore the treatment. It seems as if the leukaemia incidence were higher than anticipated 
even in the writers’ non radiotherapy material. In one of the untreated cases the diagnosis 
of leukaemia is considered to have been questionable, with pernicious anaemia more 
probable, 7. e. in the autopsy material megaloblast-like cells were found in the marrow. 
Such a diagnosis of pernicious anaemia seems unreasonable. About an hour after death 
cell analysis of the bone marrow becomes almost impossible. 
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Is not a more thorough blood control performed in the patient group on radiotherapy 
than in the group not under treatment? Are not the ‘heavily treated cases’ more carefully 
followed than those receiving less treatment? 

The diagnosis of acute monocytic leukaemia is strikingly common — in contrast to 
contentions in other haematologic literature. In one case (Case 9) this diagnosis was made 
at autopsy. 

In too many cases we find the statement ‘Pre-irradiation history: None available’, 
In some cases, e. g. 2 and 3, the leukaemia diagnosis seems doubtful. The observed in- 
crease in plasma cells in the marrow does not correspond to what is usually seen in leu- 
kaemia. In Case 4 with tuberculosis there might be a leukaemoid reaction; in Case 14 
with chronic nephritis and uraemia the same is true. In Group B, particularly, some 
cases are questionable, e. g. Case 38. 

The new haematologic nomenclature has not been used. As regards the references 
it is surprising to note that these are confined exclusively to the Anglo-Saxon literature. 

If the writers’ conclusions are correct, the fascinating fact remains that irradiation, 
even if leukaemogenic in certain cases it is still perhaps at the same time our primary 
weapon against leukaemia. 

Ingmar Bergstrom 


CiinicaL Use or Raprotsotopes. A manual of technique. Edit. by Th. Fields and L. 
Seed. 455 pages, 71 illustrations. The Year Book Publishers, Chicago 1957. $ 9: 50. 


This manual represents a compilation of experiences gained by various contributors. 
The data collected must therefore necessarily be somewhat brief. With this reservation 
it may be assumed that the book will prove very useful for all who are interested in the 
clinical application of radioisotopes. 

The manual is divided into four parts, part I beginning with a chapter on thyroid 
examination utilizing radioiodine. The following chapters contain articles on isotope- 
dilution techniques and the localization of tumours of the brain and eye. The last two 
chapters of this part deal with cardiovascular studies and radioautography. In part II 
on routine therapy techniques, the treatment of toxic goiter, blood diseases and cancer 
therapy are discussed, while part III deals with the planning and operation of a radioiso- 
tope laboratory, including recommendations and requirements of the AEC for the medical 
use of radioisotopes. Part IV on radiation safety contains general recommendations on 
protection, comprising instructions for laboratory and hospital personnel who handle 
the patients. 

The book ends with appendices consisting of a glossary, formulas, decay tables, 
health physics tables, and examples of record and report sheets. 

Erik Lindgren 


THE Postoperative CuEst. Radiographic considerations after thoracic surgery. By Hiram 
T. Langston, Anton M. Pantone and Myron Melamed. 228 pages, 80 illustrations. 
Charles C. Thomas, Springfield, Ill. 1958. 3 8: —. 


It is stated on the cover of this book that it has been written ‘for radiologists and 
surgeons who must interpret the X-ray picture of the chest following the changes produced 
by surgical intervention’. The book offers hardly anything of interest for professional 
radiologists. 


Bjérn Nordenstrém 
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